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COMPOUNDS CONTAINING 24 AT. CARBON. 


JPrimry Nucleus 

Chrysene. 

C“m 


C. P. Vogel. A. Qehl, 5, 272. 

Kobiquet & Colin. Ann. CMm. Phjs. 4, 32G. 

Laurent. Ann. CMm,. Fhys. GG, 136. 

Pelletier & Walter. N. Ami. Clim. Phjs. 9, 917 ; J. pr, Chem. 31, 

114. 

Gr. Williams. Chm. Gaz. 1855, 405; J.p'. Ckm. C7, 248; Lieb, 

Kopfs Jahmler. 1855, 633. 

Vogel's Volatile Amher-resin.—Dmosetei by Vogel in 1805. A yellow, mealy 
powder, which Kidd {Phil. Trans. 1821, 212 and 219) observed among the products of 
the distillation of coal, is perhaps the same compound. (Mansfield, Chem. Soo. Qfi. J., 
i. 248.) The substance observed by Drapiez in crude oil of amber (xiv. 325), and a 
yellow product obtained by Bussy & Lecanu (J. Pharm. 11, 362) in the dry distillation, 
of fat, towards the end of the operation, appear also to consist of impure chrysene. 

Formation and Preparation. 1. In the chy diMtillation of amber, 
■when, towardu the cud of the operation, the acid and all the oil have 
passed over, and the cliarrcd rcyiduc is strongly heated, ytdlow 
vapours pass over and condense in the neck of the retort. (Robicpict 
& Colin; I’cflletier Walter.) 2. When the tar obtained in the 
preparation of illuminating gas from oils and fats is subjected to dry 
distillation, litpiid products pass over at first ; afterwards, when f of 
the tar have distilled over, and the heat is vciy much increased, a 
thick oil is obtahied, the last portions of which, if collected in a sepa- 
rate receiver, deposit a small quantity of chrysene, while pyrene 
remains in solution. The remainder of the chrysene condenses in the 
neck of the retort. (Lament.)— 3. In the distillation of coal-tar, 
chrysene passes over at a much higher temperature than the dead oil. 
'(Williams.) 

Purification. Vogel purified the sublimate obtained by method 1 
from adhering oil, by dissolving it three times in alcohol, and leaving, 
the solution to , cool. Robiquet & Colin boil it for some time with 
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water, till tlic oil is volatilized ; then melt it, and exhaust the lamino- 
gTanular solid mass with other, which leaves the chrysene undissolvcd. 
The wni;xy product is resolved by treatment with ether, and then by 
rei>oatcd boiling with a small quantity of absolute alcohol, into yellow 
chrysene, whicli partly remains iimlissolved, partly crystallises out 
from ih('. <d‘hei‘ and ahiohol — and snocistcrene, which is of paler colour, 
and ultimately tiums white. (Pelletier &; Walter.) — The soft, red 
'suhliinaliC' in the neck ot the retort is detached by sera, ping and rinsing 
with a little ether, then triturated and repeatedly boiled with ether, 
wdiich acquires a red colour by taking up pyrene and the thick oil, 
wliilst chrysene remains in the form of a red powder. (Laurent.) — 
Williams frees the portion of the sublimate insoluble in ether, from 
adhering brown oil, by prolonged treatment with ether, and purifies 
it by rc-crystallisation from boiling coal-tar oil. 

Propprtm, Shining yellow laminin, resembling uranium-mica. 
(‘R,ol)i{juet c’^6 Colin ; W illiams.) —Crystalline powder of a fine yellow 
colour, without any tinge of red or green. (Laurent.)— Soft to the 
touch ; does not adhcire to the temgUe so strongly as wax, (Vogel.) 
— Melts between 80° and 100° (Vogel); between 230° and 235° 
(Laurent) ; at 240° (Pelletier k Walter) ; and solidifies to a deep 
yellow laminar mass on cooling, (Laurent.) — Volatilises completely 
at high temper atureKS (Vogel) ; wuth partial decomposition, leaving a 
small quantity of charcoal. (Robiquet k Colin, and others.) — 
Inodorous and tasteless. 

Laurent. Pelletier Williams, 
mean. & Walter. at 100®. 

24 C M4 .... 94*73 93*27 9.3*10 94*03 

8 H 8 .... 5*27 5*86 6-84 5*37 

C-TF 152 .... 100*00 98*63 98*94 100*00 

I)ecomfpoM(m. 1. Chiyscnc hmi^ in the air at its boiling point, 
forming carbonic acid and water (Vogel); on red-hot coals it burns away 
witliout emitting any peculiar odour. (Laurent.) — 2. With, cold oil 
of vitriol, it turuH red-brown with a f(j w violet spots ; wdth hot oil of 
vitriol, it a,SBiunes a fine dark gretm colour. (Ijaunmt.) — It is only 
inferior chrysene that is (ioloured by cold oil of vitriol tlie pure 
substance; dissolves, with dark grecntHli bhu; colour, only in hot oil of 
vitriol. (P(:dleti(,vr k Walter.) — 3- With Invmine, chrysevno (wolves 
hydro! )romic acid, and foimm a brown substance, wliieh decomposers by 
distillation, (Laurent.) — 4. Nitric acid attacks it at a gcmtle heat, 
with evolution of red vapourKS, and, after prolonged boiling, convorts 
it into binitroehrysene, whilst a yellow powder, pn^cipitalh; l)y water, 
remains in solution. (Laurent.) — ^Vogel and others obtained a rcKin by treating 
chrysene with nitric acid — 5. Ohrysone dissolves ju alcohol containing 
potash, and separates therefrom as a rosin. (Vogel)— It is not 
attacked by boiling with ammonia or potash-ley, but colours the latter 
yellowish. (Robiquet & Colin.) 

Chrysene is insoluble in icater, also in alcohol. (Robiquet k Colin, 
and otiiers.) — When impure and contaminated witli oil, it dissolves 
in boiling alcohol. In ether it is but very sparingly soluble ; accord- 
ing to Vogel, it requires for solution, 32 i)ts. of cold and almost as 
much of boiling ether. — Soluble in chloroform. (Cloez, N. f Mam* 
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14, 382.) ; in boiling oil of tm'pentine^ rather more freely than in 
ether (Laurent) ; easily in oil of lavender ; scarcely in cold, easily in hot 
oil of amher (Vogel) j soluble in boiling coal-tar naphtha, (Williams.) 


Nitro-mideas 

Binitroclirysene. 


Laurent. Ann, Chim, Flips. 66, 140, and 72, 426. 

1. Chrysene (p. 1) is boiled for a while with nitric acid, whereupon 
a red powder separates ; the nitric acid is then decanted, and the red 
powder is boiled with alcohol and dried. The alcohol and the nitric 
acid retain in solution a yellow body precipitable by water. — 2. When 
chrysene is boiled for a very long time with a large excess of nitric 
aci^ part of it dissolves, and water then separates beautiful orange- 
coloured flocks, which must be washed and dried. 

The product obtained by method 1 is a red powder, like mercuric 
oxide ; the second method yields an orange-coloured powder. (Lau- 
rent.) — Pure yellow, and shining; highly electrical. (Williams, Chm. 
Gaz. 1855, 405.) 

Lam’ent. 


24 C 

... 144 . 

.. 59*50 ... 

earlier, 
58-29 

later, 

.... 56*82 

2N 

... 28 . 

.. 11*56 ... 

11*66 

.... 11*80 

6 H 

... 6 . 

.. 2*48 ... 

2*27 

.... 2*33 

8 0 

... 64 . 

.. 26*46 ... 

27*78 

.... 2905 



... 242 . 

.. 100-00 ... 

100*00 

.... 100*00 


Laurent regarded the products obtained by the two methods as different. 

Nxtrochrysene, heated in a glass tube, melts, swells up, and takes 
fire with detonation and brown smoke. It detonates on glowing 
coals. — It dissolves in cold oil of vitriol, with brown-yellow colour. 
Dissolvers partially in alcoholic potash, and is precipitated therefrom in 
brown flakes by acids. It is not converted into a base by sulphide oj 
j)otassium. (Williams.) 

Insoluble in water, scarcely soluble in alcohol or ether. 


Primary Nucleus ; Amidogen-mcleus 

Pyrrol-red. 

Rukoe. Fogg, 31, 67. 

Anderson. Edinh, Phil, Trans, 21, 4, 571 ; Ann, JPharm, 105, 349 ; 
Uhm, Centr, 1858, 417; Noppls JaJkresUr, 1857, 398. 

B 2 
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ScinvANEKT. IlaMUtationschiftj uber Zmetzmigen der SchUimsaure, 

Greifswald, 1860: abstr. Pharm. 116, 279. 

First observed by llungo j iavcstigatcdi by Anderson. 

FormaJhn. .1, Pyrrol is n^solvod by or by Bev(a*al days^ 

ccnita,(vt with oxtx^ss of acid, into pyrrol-red and aannoaia. (AiiderHon.) 

3C«Nri'' + 2110 C"WIU-<Oi5 + NH«*. 

2. Oarboivyrrolic acid, or oarbn|)yrrolat(3 of baryta, is rcBolvcd, by 
boating' to 6(P, or above, with acids, into carI)onic acid and pyrrol, 
wbicli latter is then dcconipoBcd as in 1. (Scliwauert.) 

+ 2HO ^ C2‘‘N-HW02 + NIL* + 6C03. 

Sohwanert obtained fi‘om carbopyrrolatc of baryta 22*05 p. c. 
carbonic aci<l, 2*1 nitrog'cn, as anmioiiia (calculation, 22*8 CCP, 2*5 N), 
but only 22*4 p. c. pyrrol-nul (oak;. 87*0 }). c.), pcirbaps because the 
latter is not always obtained of constant composition. 

Prepamtion, Pyrrol is dissolved, with brisk ag’itation, in oil of 
vitriol diluted with. 4—6 pts. water ; the liquid is heated with continued 
agitation till red flocks separate, then iSlterod, and immediately washed 
with boiling* water, till nearly all the acid is removed; afterwards 
with a small quantity of dilute potash-solution. (Anderson.) 

Properties, Light orange-red powder, which turns brownish when 
heated. Light or dark brown powder, destitute of taste and odour. 
(Schwanort.) 





Anderson. 

Calculaiion, according to Anderson. 

mean ; in vacuo. 

24 C 

144 ... 

71*28 

71*98 

2 N 

28 ... 

18*86 

13-59 

14 H 

14 .... 

6*93 

6*88 

2 O 

IG .... 

7*93 




202 ... 

100-00 

100*00 


Sfibwatitn*t found in pyrrobred from oarbopyrrolic acid, 39*24 C, 5*94 IT, and 62*4 C, 
4’7 H, and 11'39N, after drying at 110“, perhaps because partial decomposition bad 
taken place. (See below) . 

Decompositions. A fter prolongtal heating to 1 00'^, it increases in wtught 
from slow oxidation.-— 2. Yields, by drg dktMlation^ a, stinking oil con- 
taining pym)l, andkuivos charcoal— 8. Heated in contact with tlie 
ah:, it takes fire and burns away.— 4. It is decomposed by prolonged 
boiling with 'adds or alkalis., acids converting it iiitt.) a dark red sub- 
stance which contains 74 p. c. cliarcoal. (Anderson.) — 5. By nitric add 
it is resinised, and afterwards converted into oxalic acid. (Anderson.) 
Fuming nitric acid dissolves it. (Schwanort.) 

Water neitlKii: dissolves nor acts on it. It docs not dissolve in 
aqueovs adds or alkalis. 

Sparingly soluble in cold, more soluble in hot alcohol; sparingly in 
ether. (Anderson, Schwanort.) 
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Appendix to Vol. x., p. 16. 

Pyrrol. 

cmw = c^Nipjp. 

Runge. Po0, 31, 67. 

Andeesox. Ann, Fharm. 80, 63 ; N, Phil. Mag. J. 2. 457 ; Edinh. Phil, 
Trans. 20, 2, 247; J. pr. Cliem. 54, 36; M. A’mi. CMm. Phys. 34, 
332. — Edinh. Phil. Trans. 21, 4, 571 ; Ann. Pharni, 105, 349 ; Chem, 
Centr. 1858, 417 ; Kopfs Jahresber. 1857, 398. 

SCHWANERT. Habilitdtionsch'ift uher Zersetzimgen der SchUinisdure. 
Grreifswald, 1860 ; abstr. Ann. Pharm. 116, 279. 

Pothdl . — Discovered by Runge in 1834, but first prepared pure and investigated by 
Anderson. 

Formation. 1. Oarbopyrrolic acid is resolved by heat into pyrrol 
and carbonic acid. (Schwanert.) 

CiONHSo-t = C8NH5 + 2C0‘-. 

2. By the dry distillation of mneate of ammonia. (Schwanert.) 

C12HS('NH'«)201«5 « C8NH« + 4C02 + NH^ + 8HO. 

3. In the dry distillation of coal and of varions animal matters, passing 
over, with many other bodies, into coal-tar oil, the wash- water of 
the illuminating gas, and bone-oil. (Runge, Anderson.) Feathers 
distilled per se yield considerable quantities of pyrrol, together with 
other bases ; flannel also yields it, together with sulphm*ctted hydrogen, 
sulphide of carbon, and carbonate of ammonia. (Williams, Chem. Gaz., 
1858, 309; Arm. Pharm. 109, 127.)— 4. By the dry distillation of many 
organic bases. It is found among the products of distillation of qxiininc 
and cinchonine (xiii. 244) and of pelosene, together with methylamine 
and ethylamine. (Williams, Chem. 6ra2:.'1858, 321 ; Pep. Chim. pure. 1, 
118.) jpyrrol is contained in the so-called oil of tobacco, (Runge.) 

Pr^aration. 1, From Mmate of ammonia. Wlicn dry pulverised 
inucate of ammonia is subjected to dry distillation, crystals of carbonate 
of ammonia arc obtained, together with an aqueous solution of carbo- 
pyrrolamide (=bipyromucaraide, x. 405,) and a brown oil floating thereon. 
The latter is washed with water, dehydrated with lumps of potash, 
distilled, and rectified after standing over chloride of calcium, The 
greater the quantity of mucate of ammonia heated at once, the larger 
is the proportion of pyrrol obtained. Oarbopyrrolic acid does not yield 
pure pyrrol so easily, because it sublimes at the same time. (Schwanert.) 

2, From Bone-oil. Large quantities of crude bone- oil are subjected 
to fractional distillation ; the water which passes over with the first 
portions is removed; the more volatile half of the oily distillate is 
mixeii with dilute sulphuric acid and set aside for. several da;^s; and 
the strongly acid liquid separated from the undissolved oil is kept 
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boiling* in a Btill as long as a colourless stinking oil passes over, which 
soon becomes reddish, and afterwards nearly black, on cxposiir(3 to the 
air. The oil, frcMal from wjiter, is resohajd byj'c^poated rractiomil distib 
lation into stivcaal parts. The portion wliich distils over hotwcum 1 and 
l-ld" is ix'.pcabidly Hhak(3u up vvdthasmalbpiantity of very diluh‘ sulphu- 
ric acid, to re;niiov(3 admixed picoliiu'.; th(‘, solutions an; S(‘pa,i‘iti(;d; and the 
remaining oil, mnonnting to about of tiieorigiualqua,i)dity, is d(‘hydratcd. 
with lumps of potash, and r<H;tili{Ml, Iho last portion of tin; distillates Ixsing 
each time romovod, till (after abont Id distillations) nea-rly tin; whole 
passes over between ld4T)° and ]d8”. The pyrrol tluis obtained is 
still contaminated with a Ksmall rpiantity of a snhstance; producing formic 
and propionic acids, from which it maybe freed by boiling witli hydrate 
of potash. Anderson therefore mixes it with 5 or f> parts of potash- 
hydrate in coarse lumps, and heats it in a copper liask fitted with along 
upright condensing tube, till, as the temperature; gradually rises, only 
a small quantity of liquid eva])oratcs, then rcplac(‘S the vertical by a 
condensing' tube b(;nt downwards, ami distils off all tluit is volatile at 
a red h(iat. On pouring water upon the fused yellowish wliito residue, 
pyrrol separates in the form of au oil, which is obtained pure l)y recti- 
lication. (Anderson.) 

Properties, Transparent, colourless oil, of sp. gr. 1'077, and boiling 
point 188'^. It has an agreeable ethereal odour, resembling that of 
cliloroform, and a pungent taste. (Anderson, Schwanert.) Pyrrol 
prepared by method 2, and not treated with hydrate of potash, has an 
unpleasant odour. (Anderson.) Vapour-density = 2-40 ; before treat- 
ment with potash-hydrate, it is 2*50. (Anderson.) The vapour of 
pyrrol colours fir-wood, moistened with hydrochloric acid, deep ptirplc* 
red (Runge) ; pale red at first, then deep carmine-rod. (Anderson.) 
This test will indicate the presence of an extremely small quantity of 
pyrrol. (Runge, compare Po0. 32, 322.) 

Anderson. Schwanert. 


8 C 

48 .. 

... 71-04 ... 

< 2 , {mean) 
71*59 .... 

h. 

71*54 .. 

a, 

.. 71’0? .. 

b, 

.. 71*29 

N 

14 . 

... 20-90 ... 



.. 19‘80 .. 


5 H 

5 . 

... 7*46 ... 

7*H7 .... 

7*77 

.. 7*03 

7-59 


07 , 

... lOO’OO ... 

... 


.. 09*10 .. 

.. 


«. Having an offensive odonr j not treated with hydrate of potash. (Andewon).— 
a. Obtained from pure mucate of ammonia ; d. from earbopyrrolic acid, (Schwanert.) 

Pecompositmis. Pyrrol gradually turns brown whoii exposed to the 
nr.— When heated with excess of ackl% it is resolved into ammonia 
and pyx*rol-red. (Anderson.) 

SC^NHfi + 2HO « + NI*R 

By continued boiling, the liquid is decolorised, and the pyrrol-red is 
further altered. (Anderson),— Pyrrol is rapidly dissolved by nitric acid^ 
giving off red vapours, and forming a dark red liquid, and by longer 
boiling is converted into oxalic acid. Water added to tlic rod solution 
throws clown a resin. (Anderson). Aqueous pyrrol is coloured deep 
red by nitric acid. (Runge.) The aqueous solution of hydrochlorate of 
pyrrol is decomposed by bichromate of potash, with formation of a black 
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precipitate : with sesqmchloride of iron, it acquires a green and after- 
wards a black colour ; and, when heated with sulphate of copper, forms 
a green solution, and deposits a small quantity of black powder. — 
From hichlorlde of platinum, cold hydrochlorate of pyrrol throws down 
first a yellow and after a few minutes a black platiniferous precipitate. 
(Anderson.) 

Pyrrol is nearly insoluble in luater. It dissolves slowly in aqueous 
adds, but is insoluble in alkalis. 

Chloride of Cadmium with JPy7rol , — On mixing the alcoholic solutions 
of pyrrol and chloride of cadmium, a white crystalline powder is formed, 
insoluble in water, easily soluble in hydrochloric acid, and easily decom- 
posed by heating with water and alcohol. (Anderson.) 


16 C 

96-0 .. 

.. 23*50 ... 

Anderson. 
23*25 

2 N 

28-0 . 

.. 6*85 


10 H 

10-0 .. 

.. 2*44 ... 

2*19 

3 CdCl 

274-5 .. 

.. 67*21 



2C«NHS,3CdCl 408-5 .... 100-00 

Mercimc Chloride zoith PyzTol. — Separates on mixing the alcoholic 
solutions of pyrrol and mercuric chloride, as a white, somewhat 
crystalline powder, easily altered by excess of mercuric chloride. — It is 
insoluble in water, sparingly soluble in cold, more easily in boiling 
alcohol, in the latter, however, with partial decomposition. 

Anderson. 



In vacuo. 


mean. 

8 C 

48 .... 

7*88 .... 

.... 7*73 

N 

14 .... 

2*31 


5 H 

5 .... 

0*82 .... 

.... 0*81 

4 Cl 

142 .... 

23*31 


4 Hg 


65*68 .... 

.... 66-89 


C8NHs,4HgCl 609 .... 100*00 


Pyrrol dissolves easily in alcohol and ether. 


Primary Ntwhm Oxygen-nucleus 

Piperic Acid. 

VoK Babo Ss Keldek. Dissertation von C. Keller, Freiburg, 1856, 16; 
Freiburg naturw. Berichte, 1856 ; J. pr, Chem. 72, 53 ; abstr. Chem, 
Centr, 1858, 241 ; CImn, Gaz. 1858, 7 ; Kopfs Jakresber. 1857, 418. 
An. Sthecker. Ann, Charm. 105, 817; J. pr. Chem. 74, 191; Kopp^s 
Jakresber. 1857, 415. — Ann. Pharm. 118,280; N. Ami. Chirn, Phys, 
63, 233. 

G-. 0. Foster. Chem. Soc. J. 15, 17. 

Pipericylic Acid (Weltzien). 

Formation. Piporino boiled with alcoholic potash is resolved into 
piperic acid and piperidine, (v. Babo k Keller.) 

+ 2HO « 4- (Strecker). 
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Prq>aratmi, 1 part of piperino is boiled witli 3 pts. of potasli-liydrato, 
and 16 to 20 pts, abBoluto alcobol; the licpiid wliich distils over beiufj;: 
eoniinnally poured bank a,]id the process (;outinii(!<l for twclv(5 hours, or 
till a sa, tuple of tluj niixiuvo taken out of tint retort is no long'cr pre- 
cipitatiod by water (Von Babo Keller); or, b(d;t(u*, (vpial weights 
of pipcanne and potash -hydrate, with as inneh strong’ alcohol as is 
required to dissolvtt both, art^ heated for 4 or 5 hours to 100'^ in a 
closed vessel, (Uoster.) The crystallitte plates, which are the,r(‘,hy pro- 
duced in altnndaiice, arc separated from tint Itrown mother-li(|uor, 
ptiriilcd by repeated crystallisation from a small <ptauiity of boiling’ water, 
with help of animal charcoal, thou dissolved in water, and deoomposed 
by dilute hydrochloric acid; and the acid, which separates as a jelly, is 
collected, washed, and purified by repeated ciystallisatiou from alcohol 
Another metliod is, to neutralise the a(pieous solution of the impure 
potash-salt with acetic acid, mix it with a small quantity of solution 
of aecytato of load, separate the lead dissolved in the filtcu’ed liquid by 
sulphuretted liydrogen, filter again, and evaporate to the crystallising’ 
point (v. Babo & Keller). 

Propertks. Yellowish capillary needles ; in the moist state, sulphur- 
yellow j( 3 lly which shrinks on drying. Melts at 150®, Buhlimcs at about 
200®, partly unaltered, emitting an odour of coumarin, and leaving a 
brown fused residue. Reaction scarcely acid. (v. Babo & Keller.) 


Streclcer. 

at 100®. V. Babo & Keller. mean. Poster. 


24 C 

. 144 .. 

.. 66*06 .. 

.. 66*08 

to 66*88 

.. 65*90 .. 

.. 65*83 

.... 66*01 

10 H 

. 10 .. 

.. 4*59 .. 

.. 4*80 

.... 5*14 .. 

.. 4*05 .. 

4*92 

.... 4*94 

80 

. 64 .. 

.. 29*35 

.. 29*12 

.... 27*98 .. 

.. 29*45 .. 

.. 29*25 

.... 29*05 

C8T-F08.. 

. 218 .. 

.. 100*00 .. 

100*00 

.... 100*00 

.. 100*00 

.. 100*00 , 

.... 100*00 


This is the formula proposed by Streckcr; v. Babo & Keller give the formiiloj 
C50H22O1G and 


Pecowposittons, 1, For the decomposition by dry distillal ion, ace above, 

2. Burns wlicn heated ill coiitaet with the air, (unitihigan odour of anise, 
and leaving a difficultly combustible cJiarcoal — 3. hf/dm/m 

(sodium-amalgam) converts it into hydro-piptn'ie. acad (p, .1 1.) (lOmt.er.) 
—4. (M of vitriol colours it hluod-rcd, ami th(iu cluirs it,— 5. Whtm 
treated with iodine, hronme, or chhrm, it forum sul)Htitution-pro(hi(‘.tH. 
- — ^6. Ooncentrated hydriodio acid acts upon it, oven b(?low 100", pro- 
ducing carbonic acid, and a black, nncrystallisable, lnumm-hk<', sub- 
stance, (Foster.)— 7. In contact with {nmtmdiloride of phorphorm, it 
acquires a vermillion-red colour, and ddujuesceB after a hjw days, 
forming oxychloride of pbospliorus, and yi(ilding vermillion-colourcjd 
crystals. If the product (the crystals, Kr.) obtained by the action of 
pontacMorido of pliospliorns on piperic acid is mixed with piperidine, a 
substance is formed which is insoluble in water and potash-ley, but 
soluble in strong hydrochloric acid, alcohol, and ether.— 8 . Nit/iio add, 
even when dilute, converts piperic acid into an orange-coloured nitro- 
compound, which, when heated with potash-hydrate, gives off an 
odour of coumarin. (v. Babo k Keller.)— f 9. fiporic acid added to 
containing a littlo^ water m excess, is at first dis- 
solved ; immediately afterwards the mixture turns brown, and hydrogen 
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is evolved, so that the contimied addition of piperic acid causes it to 
froth over if not constantly stiiTed. When the evolution of gas is no 
longer perceptible, the mass contains protocatechuate, acetate, oxalate, 
and carbonate of potash, with a relatively small quantity of a humus- 
like body, probably a product of the decomposition of protocatechuic 
acid. The reaction which takes place is probably : — 

C24HW08 + 16HO = + B}K (Sti-ecker.) 

Protocatechuic acid is apparently identical with the acid of the same composition 
produced by the action of hydriodic acid on hemipinic acid (xiv. 431) 

Comlinations. Piperic acid is nearly insoluble in water, (v. Babo & 
Keller.) It unites with salifiable bases, forming the piperates, which 
according to Strecker, are composed of O^^IPMO®, but according 
to V. Babo &, Keller, are bimetallic salts, containing or 

Q50jg[20M20l6. 


Piperate of Ammonia. — Piperic acid is added to hot concentrated 
ammonia, as long as it continues to dissolve ; the filtrate is left to cool, 
and the resulting crystals arc dried, first over a mixture of lime and sal- 
ammoniac, then over oil of vitriol. — Colourless scales, with satiny lustre, 
resembling cholesterin. When exposed in the moist state to the air, 
it gives off ammonia, and turns yellow. Between 100° and 150°, it 
gives off ammonia, without further alteration and without loss of 
water; and between 180° and 200°, it decomposes, emitting an odour 
of anise, (v. Babo & Keller.) 



at 50° in vacuo 


V. Babo & Keller. 

24 C 

144 .... 

61-28 

61-77 

N 

14 .... 

5-95 

5-73 

13 H 

13 .... 

5-53 

6-17 

8 0 

64 .... 

27-24 

26-33 

C2^H»(NH‘)Os 

235 .... 

100-00 

........ 100-00 


Piperate of Potash. — Obhiined as already described (p. 8), or by 
dissolving the acid in potash-ley. Yellowish- white, silky laminm, pro- 
bably belonging to the right prismatic system. When heated, it 
glows and emits an odour of anise, and when subjected to dry distilla- 
tion, yields a small quantity of tar, containing carbolic acid, and leaves 
a mixture of charcoal and carbonate of potash. It dissolves sparingly 
in cold, easily in boiling water, sparingly in alcohol, and is nearly 
insoluble in ether, (v. Babo & Keller.) 




V. 

Babo & Keller. 

Poster. 




mean. 

{at 100°), 

24 C 

... 144-0 . 

... 56*21 

.... 55-73 

, 55-92 

9 H 

... 9-0 . 

... 3*51 

.... 3-63 ....... 

. 3*52 

7 0..., 

... 56-0 . 

... 21*86 

.... 22-75 

. 22-26 

KO 

... 47-2 . 

... 18*42 

.... 17-89 

. 18-30 .... 18-17 

CS<H9KOS 

... 256-2 . 

... 100*00 

.... 100-00 

. 100-00 .... 


Piperate of Soda. — Precipitated on dissolving the acid in hot soda- 
leyj and cooling, as a white crystalline powder sparingly soluble in cold, 
easily in hot water, and precipitated from the aqueous solution by alcohol, 
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A concentrated solution of cbloride of potassium, containing only 2 per cent, of chloride 
of sodium, still yields a precipitate of this salt, when treated with piperate of potash, 
(y. Babo & Keller.) 

Piperate of .Bari/ta. — Obtained a looBoly colun’cnt, wlute pre- 
cipitate, by troatiug the aqiicHHW solution of ilui potash-salt with 
chloride of barium. Micros(‘.opic nr^cMih's, r(M|uirinp,* about 5000 pi,s. 
of water to dissolve them, and ini(l(‘.r;.»’oing* partial decomposition at 
the same time (v. Babo & Keller) ; more solubhi in hot water, (Bostcr.) 

V. Babo & Keller. Foster. 

ai lOO", mean. (at lOO”). 

24 C 144 .... 50-43 .... 61-05 

9 n 9 ... 3-15 .... 3-78 

7 0 56 .... 19-63 .... 18-85 

BaO 76-6 .... 26-79 .... 26-32 .... 26*77 26*67 

C- WBaO^ 285-6 .... 100-00 .... 100 00 

The salt is complottjly docompoBcd by a stream of carbonic acid 
passed through its boiling aqueous solution. (Foster.) 

Piperate of Strontia. — White precipitate, obtained by adding a 
strontia salt to the aqueous potash-salt (v. Babo & Keller). 

Piperate of Lime. — Aqueous piperate of potash added to a solution 
of cMorido of calcium, throws down slender needles, somewhat more 
soluble in water than the baryta-salt. It contains 50*07 to 52*62 per 
cent. 0, 3*96 to 4*10 H, and 12*03 lime. (v. Babo & Keller.) 

Piperate of Magnesia. — Moderately dilute solutions of japerato of 
potash and hydrochlorate of magnesia deposit this salt, after a few 
days, in long slender needles, (v. Babo & Keller.) 

From salts of alumina, piperate of potash throws down a white 
precipitate. 

Pipmite of Manganese. — Small, yellowish laminco, having a silky 
lustre, (v. Babo & Keller.) 

Piperate of Zinc, — Yellowish white, curdy precipitate, obtained 
l^^|)'recipitating cldoridc of zinc with the potaBli-Halt. (v, Babo & 

Piperate of Cadmium is a white powdoi*. The had-saUm a yellowish 
precipitate, which dissolves slightly when heated, and separates as a 
white crystalline powder on cooling.*— AVnma piperate is yellowish 
white, insoluble, easily oxidisable. — of a>b(dt is rose-coloured j 

piperate of nickel light green, insoluble, (v. Babo & Keller.) 

Piperate of Copper is precipitated by the potash-salt from sul- 
phate of copper, more abundantly on addition of ammonia, in slender sky- 
blue needles. Contains 49*67 C, 3*6S H, 15.36 0, and 31*29 p.c. GuO. 
(v. Babo & Keller.) 

Mercurous Piperate. ■—White precipitate, reduced by ammonia, 
(v. Babo & Keller.) 

Mercuric Piperate. Yellowish white precipitate, from which potash- 
ley separates mercuric oxide* (v. Babo & Keller.)., 
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Piperate of Silver. — Obtained as a colourless, scarcely crystalline 
powder, by precipitating nitrate of silver with the aqueous potash-salt. 
Insoluble in water and alcohol, (v. Babo &; Keller.) Does not 
diminish in weight at 100°. (Strecker.) 




V. 

Babo & Keller. 

Strecker. 


at 100". 


mean. 

mean. 

24 C 

144 .. 

.. 44*31 , 

.... 43*42 

. 44*35 

9 H 

9 .. 

.. 2*76 

.... 3*01 

,. 2*85 

8 0 

64 .. 

.. 19*69 . 

.... 20*52 

. 19*65 

Ag 

108 .. 

.. 33*24 , 

.... 33*05 

. 33*15 

C2-*AgH»08.. 

325 .. 

.. 100*00 

... 100*00 ....... 

,. 100*00 


When tercJiloride of gold is mixed with piperate of potasli, a yel- 
lowish white precipitate is obtained, which soon yields metallic gold, 
(v. Babo & Keller.) 

Piperate of Piperidine. — (p. 14.) 

Piperic acid dissolves in 270 pts. of absolute alcohol^ easily in the 
same liquid at the boiling heat. It dissolves but sparingly in etli&i', 
either hot or cold, scarcely at all in sulphide of carbon or rock-oil ; some- 
what more easily in benzene, (v. Babo & Keller.) 


Appendix to Piperic acid. 

IT Hydropiperic Acid. 


G. 0. Fosteb (1862). Chem. Soc. J. 15, 19 ; abstr. Zeitschr. CL Pharm. 

5, 9 ; and Private commmiication. 

Fo7nnation and Preparation. An aqueous solution of piperate of 
potash is treated with sodium-amalgam, at a gentle heat ; after the 
action has been continued for some hours, the addition of hydrochloric 
acid precipitates hydropiperic acid in oily drops, which gradually 
solidify on standing. It may be purified by crystallisation from a large 
quantity of boiling water, or by solution in alcohol and treatment with 
animal charcoal. 

Properties. Colourless; tasteless at first, after a time somewhat 
burning. As deposited from boiling water, it forms long, exceedingly 
thin, silky needles ; by the spontaneous evaporation of its etherci 
solution, it may be obtained in tolerably large, hard crystals, apparently 
monoclinic (oblique prismatic), and mostly hemitropic. Melts at 
63° or 64°; solidities at about 56° ; not volatile without decomposition. 


Foster. 

24 C 144 65*46 .... 65*24 .... 65*44 .... 65*31 

12 H 12 .... 5*45 .... 6*65 .... 5*67 .... 5*60 

8 0 64 .... 29*09 .... 29*11 .... 28*89 .... 29*09 


220 100*00 .... 100*00 .... 100*00 .... 100*00 
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.Decompositions. 1 , When heated somewhat above its melting point, it 
gives off choking’ white fumes, which, when diluted with much air, smell 
like oil of anise, and loaves a small, easily comhustihlo, carbonac(mu8 
residue.— 2. Strong hjdriodlo acid decomposes it, below l.OO'^, into car- 
bonic aeid and a black humus-like body, which gives a bla,ck solution with 
alkahs.— 3. Fwmmg nitric add colours it blood-red ; ordhiarj/ mine acid, 
diluted with its own bulk of water, acts violently upon it if g(mtly 
heated, giving- a solution, from which water precipiiates a semi-fluid 
nitro-acid. — 1. Oil of vitriol colours it blood-red.— 5. Fused with excess 
of h/drated aUcali^ it evolves much gas, and the brown fuseni mass 
oxhii)its the reactions of the acid ol)tainod hy the action of 

hydriodic acid on hcmipinic acid (xiv. 431; see also Dccomjmitiom of piporic 
acid, XV. 8) — , 6. With chloride of acetyl at 1,50®, it yiedds hydrochloric 
acid and a neutral oil, insoluhlc iu water and dilute alkalis. 


Comhinations. With water. TTydropiperic acicl is very slightly 
soluhle ill cold water, somewhat more so iu hot water; the hot satu- 
rated solution reacts strongly acid ; on cooling, it d(jposits the acid in 
oily drops, as long as its temperature is above the melting point of the 
latter ; the rest separates in long, thin crystals (vid. sup.). 

With salijiable bases, it forms hydropiperaies, salts containing 

Qmmo\ 

Jlydropipcrate of Ammonia ciystalliscs from hot water in small 
shining scales. 


220 

NH» 17 


92-83 

7-17 


Foster. 

92-85 .... 93-01 
6-55 .... 7-16 


C24NI'U50« 


237 .... 100-00 .... 99-40 .... 100*17 


Easily soluhle in hot water, considerably loss soluble in cold. 
A strong acpieous solution can dissolve more hydropvpenc add, form- 
ing a Boltition from wliich water precipitates the excess of acid, and 
wliich gives, if saturated, an almost solid mass of hydropiperate of 
ammonia, on the addition of strong aqueous ammonia. 

Hydropiperate of Potash with excess of uccH, — Obtained by boiling a 
solution of hydropiporic acid in nearly al)Hohite alcohol, with dry car- 
bonate of potash. Crystallises on cooling in lieniisphcrical masses of 
radiating needles. 

Fo8t«^r. 

(at 100^) 

48 C 288 .... 60-25 59*38 

23 H 23 .... 4-81 ........ 5*11 

K.... 39^ .... 8*16 8-59 

16 O 128 .... 20-78 2 6-92 

478 .... 100-00 lOO'OO 


Decomposed into neutral hydropiperate of potash and liydropi- 
peric acid, completely by solution in water, partially by solution in 
alcohol. 

Hydropiperate of Baryta. — Or^^stalliees from boiling water in small 
bunches of needle-shaped crystals. The formula requires 

23*8 p. c. barium ; Foster found 23*2 p. c. 
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Eydropiperate of Lime, — Prepared by boiling tbe acid with milk of 
Hme, filtering* hot, and separating the excess of lime by carbonic acid ; 
or by precipitating a rather strong solution of the ammonia-salt with 
chloride of calcium. Purified by crystallisation from a mixture of 
2 parts water and 1 pt. alcohol. Small needle-shaped ci'ystals. Slightly 
soluble in cold water, more soluble in hot water, but partially decom- 
posed by it. The crystals contain water, which they lose at 100°. 
The formula C^^IP^OaO® requires 8-37 p. c. calcimn ; Poster found 8*35 
and 8*30 p. c. 

Hydropiperate of Silver. — Crystalline precipitate, almost insoluble in 
cold water ; easily altered by exposure to light, or by solution in hot 
water. The formula G^^H^^AgO® requires 33 -.03 p. c. silver ; Foster 
found 33*58 p. c. 

The hydropiperates of the other heavy metallic oxides are mostly 
precipitates insoluble in cold water. 

Hydropiperic acid dissolves in aU proportions in alcohol, and is very 
soluble in ether. 


Hydropiperate of Ethyl. 

Q 28 iqi 608 ^ 


Formation and Preparation, By heating a solution of hydropiperic 
acid in absolute alcohol saturated with hydrochloric acid for 4 or 5 
hours to 130° in a sealed tube. Purified by solution in ether and treat- 
ment with animal charcoal. Brownish yellow", neutral liquid; 
heavier than, and insoluble in, water. Not altered by dilute aqueous 
potash or ammonia. Decomposed by gaseous ammonia, probably with 
formation of hydropiperamide, (Foster.) 


Appmdkc to Vol. x., p. 446. 

Piperidine. 

C^^NE" = C^®NIP,IP. 

Wertiieim. Ann, Pharm, 70, 58. 

Anderson. Ato. PAam. 75, 82 ; Compt, rend. 31, 126; Ann. Pharm, 
84, 345; Coinpt rend. 34, 564 ; Lkb. Kopph Jahresher. 1852, 546. 
Cahoijrs. Compt. rend. 34, 481 ; Imtit. 1852, 98 ; J.pr. Chem. 56, 203; 
Ann. Pharm. 84, 342; Chem. Gaz. 1852, 167. In full: K Ann. 
Chim. Phjs, 38, 76; abstr. Lieb. Kopp^s Jahresher. 1852, 546. 

Von Babo & Keller. J. pr. Chem. 72, 53 ; abstr. Chem. Centr. 1858, 
241 ; Chem, Gaz, 1858, 7 ; Kopp^s Jahresher, 1857, 413. 


, i The production of a volatile base by heating piperine ivith soda- 
lime was first noticed by WertheimandRochleder, who at fid-st mistook 
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it for anline {Ann, Pharm, 54, 255) ; afterwards for picolino (ihul 70, 
58).— "Anderson and Galioiirs obtained the same base independently of 
cacli other, and recognised its sc})arate identity: its chemical relations 
W(n’C investigated chitdiy by Oalionrs. 

The gr(^a,tcr part of the xajsults obtained by Amhnson ami Gahonrs 
have already been d(d‘.ail(H,l (x, d-KI). Wo hen^ the ronuiindcr, 
together with those of W(n-th(^im and of v. Baho A K(‘ 11 er* 

According to \¥(n*theim’s latest staUmumts (GVr/o 7hvte^ 4, 98), the 
volatile base obtained by heating f)ip(nine with potaHh-lime is 
G^'‘^N 1 P, inasmuch as Ijc found in its platinum-salt, 2d*ll— 28*80 0 , 
4 . 71 ^ 4.54 II and 32-49 IT (calc. C'\Nir^lIGl,lTGP==23%5GC, 4-5811^ 
and 32*41 Ft.) 

Formation and Preparation, Piperino is decomposed, as directed at 
page 8 , by boiling with alcoholic pottish, into })ip(‘ridino and j)iporate 
of potash, and the motlicr-U(]uor scparabul from the crystals of that 
salt is distilled into a r(^c(‘iv(ir eonta,ining hydrochl()ri(5 acad, whereby 
hydrochlorate of pip(U’idiue is ohtaimal. (v. Baho & K(dl(‘r.) 

Piperidine forms with ohloriuc or bromine^ an oily product, not pos- 
sessing basic properties. (For the other reactions, see x, 447.) 

Chloro^aitraU of Piperidim. — Trydroebloral,e of pi])eridine forms, with 
torchloridc of gold, small needles of a line yellow colour. (Gahours.) 

Piperidine ivith Protochloride of Platlnmn, — Ih'oiochloride of platinum 
acts violently on piperidine, forming the compound G^°NrFSPtCL 
The solution of this salt in a large quantity of boiling water, deposits, 
on evaporation, the piporidinc-compouud coiTesponding to Magnus’s 
green ammonio-jwotochlorido of platinum. (Williams, Chem* Qaz, 
1858, 346 ; /. pr Ghem. 76, 251.) 

Chhroplatinate of Plpeindine, — (O’^^NIPhHCdjPtOP, according to 
Gahours (x, 449); (>»N1F®, IIGI, PtGP, according toWertheim (p. 14). 
This last formxila is very doubtful. 

Piperate of Piperidine, — Obtained by dissolving piporic acid in 
aqueous piperidine, as a crystalline pulp, atul on dilution, in colourless 
lamiiWB, having a silky lustnu In contatd. with tlu^ air or with oil of 
vitriol, it turns yellow from loss of pip(,u'idine. Midts at 100 " without 
further altcratioti, and when strongly luiabul, gives off piperidine aiid 
decomposes. When heated for some time to 150”, it hocom<iS partially 
insoluble in water, but if then dissolvcid in an alkali, yields unalbvred 
piperic acid when decomposed by acids. With pentacldoride of |)hos- 
phorus, it behaves like piperic acid, Contains 20*75 per c(u>t. piperi- 
dine. (v. Babo k Keller.) Gale. 28*05 per cent. 



Pried over oil of vitriol. 


V. Babo & Keller. 

34 C., 


67*32 

C6*U 

N 

14 .... 

4*62 


21 H. 

21 .... 

6-93 

........ 7*29 

8 0. 


21*13 



303 100*00 

It had lost a portion of its piperidine, (v. Babo &: Keller.) 

Piperidine coagulates witite of egg after a quarter of an liour. 
(Wertlieim.) 
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Conjugated Compounds of Piperidme. 

Piperidine with Sulphide of Carbon 

PipSryl-stdfocarbonaie de pipSridine. (Gerhardt, 7V(3!«Ve 4, 105.) BulfocarhonyU 
Pqnperyi-Sulfbiaminsaure. (Weltzien Syst. 23.) 

This compound, discovered by Cahours (x. 448), is obtained by 
carefully dropping sulphide of carbon into piperidine, and crystallising 
the product from alcohol. It forms slender, needles belonging to the 
oblique prismatic system. (Fig. 100.) Khombic prism w, having the 
oblique terminal face i, resting on its obtuse lateral edge. The obtuse 
edges formed by i and u are truncated by the octahedral faces a ; 

: w in front = 116® 4 ; on the side = 63° 56 ; iiu above a = 96° 52' ; 
a : M = 141° 6'; a : z = 135° 46, calculated. (De Senarmont, "R.Ann, 
Chim, Phys, 34, 89.) 

GerLardt assigned to it tbe forncmla — 

N H CC-S^’' " 1 

= piperyl}Sulphocarbonate of piperylammonium. 


Piperidine-urea. 
C"N“n’*0’ = C">CyAdH»,HW 


Cahours. Pf, Ann. Chim, Phys, 38, 84. 

Piperyl-urea, Urh pip&ridique. 

Formation, 1. From cyanic acid vapour and piperidine. — 2. From 
dissolved sulphate of piperidine and cyanate of potash. — 3. From 
moist chloride of cyanogen and piperidine. 


Preparation, A mixture of the solutions of sulphate of piperidine 
and cyanate of potash, in equivalent proportions, is boiled down to 
dryness, and the residue is exhausted with strong alcohol. The alcoholic 
solution left to evaporate freely, yields crystals of the compound urea. 


Properties. Long white needles. 


12 C 

72 .. 

.. 56*25 ... 

Cahours. 
6(r32 

2 N 

28 

.. 21*87 ... 

22-05 

12 H 

12 .. 

., 9*37 ... 

9-41 

2 0 

16 

.. 12-51 ... 

12 22 


.... ... 128 .... 100-00 100-00 

May be regarded as carbamide in which 1 At, H is replaced by piperyl, — 


Soluble in water and in akohol 
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Methyl-piperidine-urea. 

= C'°(G=*H®)CyAdIP,IPO^. 


Gahours. iV. An7i, Chim, Phys, 88, 85. 


Methyl-piyeryl-urea, Methylur^e piperidigue. 

Piperidine becomes intensely hot when vapour of cyanate of methyl 
is passed into it, and solidifies on cooling. The mass is purified by 
pressure and reciystallisation from boiling alcohol. 

Long needles having a strong lustre. 



Fused, 


Gahours. 

14 C 

84 .. 

.. 59-15 

58-91 

2 N 

28 

„ 19-71 ... 

19-52 

.14 H 

14 ... 

.. 9-86 ... 

10-04 

2 0 

16 ... 

11-28 ... 

..... 11-53 


142 .... 100-00 100-00 


Carbamide in whicb 1 At. H is replaced by methyl and another by piperyl, — 


Dissolves easily in boiling alcohol. 


Ethyl-piperidine-urea. 

= G’^XG^n“)0yAdH^H*0^ 


Gahours. N, Ann, Chim, Phjs, 88, 86. 


Obtained similarly to methyl-piperidine -urea, by the action of cya- 
nate of ethyl on piperidine. Resembles the preceding. 


16 C 

.... 96 

.... 61*54 .. 

Cahonns, 

mean. 

61*54 

2 N.... 

28 

... 17*94 .. 

18-13 

16 H 

.... 16 

... 10*26 .. 

10*22 

2 0 

.... 16 . 

... 10*26 . 

10-11 

CiejsSH^eO^ .... 

.... 156 . 

... 100-00 .. 

100-00 


Carbamide, in which 1 At, H is replaced by ethyl and another hy piperyl,- 
= N2.H37c^H5,5oH'>.(C2o2)/f. 


Methyl-piperidm, 

(see vol X, pp. 449, 451.) 
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Amyl-piperidine. 

c^«(cnp^)Nrp,ip. 


Oahours. iV. An7i, Chim. Fhjs. 38, 95. 

Mylepiperidine. 

Piperidine is heated with iodide of amyl in the water-bath for 
several days; the resulting* crystalline mass is dissolved in a small 
quantity of water, and distilled with lumps of caustic potash. The 
oily distillate is dried with fused hydrate of potash, and rectified. 

Colourless oil, boiling at 186°, and smelling Hkc ammonia and 
fusel-oil. Vapour-density = 5*477. 





Cahoiirs. 


Vol 

Density. 

20 C 

120 . 

... 77*41 

.... 77*54 

C-vapowr 

20 .... 

.... 8*3200 

N 

. ... 14 . 

... 9*04 

.... 9*17 

N-gas 

... 1 

.... 0*9706 

21 H 

21 . 

... 13*55 

.... 13*63 

H-gas 

... 21 .... 

.... 1*4553 

CsoNiPi 

155 . 

... 100*00 

.... 100*34 

Vapour of 2 .... 

1 .... 

.... 10*7459 
.... 5*3729 


Less soluble in water than methyl- or ethyl-piperidine. 
Forms crystallisable salts with most acids. 


Hydriodate of Broad, white, shining laminae. 


Cahours. 

20 C 120 .... 42*55 .... 42*26 

N 14 .... 4*96 .... 5*12 

22 H 22 .... 7*80 .... 7*74 

I 126 .... 44*69 


C=«NH2i,HI 282 .... 100*00 


Cldoroplatinate of Amyl-pipeiddine. — Bichloride of platinum separates, 
from the warm solution of hydrochlorate of amyl-piperidine, dark 
orange-yellow oil-drops, which, after a few hours, solidify in the 
crystalline form. From solution in moderately warm dilute alcohol, 
the compound crystallises in very hard prisms of a fine orange-red 
colour. 


Cahonrs. 


ZU 

N 

14*0 

... no £iQ .... 

... 3*87 

.... oa JLO 

22 H 

22*0 

... 6*10 .... 

.... 6*23 

3 Cl 

106*6 

... 29*54 


Pt 

98*0 

... 27*21 .... 

.... 27*39 

C20NH2\HCl,PtCR.. 

. 360*5 

100*00 



Benzopiperide. 

Oahoubs. N. Am, CMm Phjs, 38, 88, 

VOL. XV. 


c 
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By treating pi}3eridine witli cliloride of benzoyl? a heavy oil is 
obtained whichj when treated with acidulated water? yields hydro- 
chlorate of piperidi] 1 C, while benzoyl-piperide remains un dissolved, and 
quickly solidifies; it is purified by reciystallisation from alcohol. — 
Beautiful colourless prisms. 


Cahours. 

mean. 


24 C 

144 .. 

.. 76-ID .... 

.... 75-91 

N 

14 .. 

.. 7-41 .... 

.... 7-57 

15 H 

15 .. 

.. 7-94 

.... 8-11 

2 0 

IG .. 

.. 8-46 

.... 8-41 


C2-1NH1502. 189 .... 100-00 lOO'OO 


Cumylpiperide. 


0.3oyrii2iO“ = 


Cahours. N* Ann, CUm, JPkjs. 38, 88. 


Obtained like the preceding, by the action of chloride of cumyl on 
piperidine. — Beautiful tabular crystals. 





Cahours. 

30 C 

... 180 . 

... 77-92 ... 

78-05 

N 

... 14 . 

... 6-06 


21 H 

... 21 . 

... 9-09 ... 

9-18 

2 0 

... 16 

... 6-93 


C30H21NO2 

... 231 . 

... 100-00 



Conjugated Compounih of Fipenc Add. 

Piperine. 


Oersted (1819). Sdni\ 29, 80 ; J. Ph/s. 90, 173. 

Pelletier. Ami. Chmi, Phfs. 1C, 344; Bdiuh 32, 435; AmLChm.. 

Phys. 51, 199 ; Sdm. 67, 93 ; Ann. Pharm. 0, 33. 

Merck. W. Tr. 20, 1, 34. 

Waokenroder. £r. Arch. 37, 349. 

Buelos. Sekw. 61, 220, 

Yabrentrapr & Will. Ami. Pharm. 39, 283. 

Th. Wertheim. Ann. Pharm. 70, 58; Pharm. Centr. 1849, 520; N. J. 
Pharm. 17, 65; Compt. Chivi. 1849, 375; Lieb. Ixopp. JaJimher. 
1849,378. 

Oerhardt. Conpt. Chim. 1849, 375; IM. Ixoip. JaJireBber. 1849, 
379 ; Pev. Scient 10, 201 ; N. Ami. Chim, Phys. 7^ 253. 

Anderson. PAum. 75, 82 ; Compt. rend, ; Ann. Pharm, 

84, 345; XfeA. Kopp. Jahresber. 1852, 545, 
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Cahoiit{-S. Conipt. rend. 34, 481 ; J. pr. Ohem. 50, 203 ; Ann. Pkarm. 
84, 342; Cheni. Gaz. 1852, 107. — In detail : N'. Ann. Ohm. Phps. 
38, 70. 

Stenhouse. Ann. Phann. 95, 100. 

V. Baeo & E. Keller. Dinsert. von Id . Keller, Frcil)urg, 1850, 10; 
/. pr. Cheni. 72, 53; abntr. Chein. Centr. 1858, 541; Cheni. Gaz, 
1858, 7; Kopp's Jahrenber. 1857, 413. 

A. StreCker. Ann. Pharni, 'dil J, pr. Chem. 74, 191; Kopp’s 
Jahresher. 1857, 415. 


Discovered by Oersted in 1819. 


Source. In black and long pepper. — Tn black pepper from Western 
Africa, Onbeba Ckmi, wbicli does not contaiji any cubebin. (Sten- 
house.) 

Preparation. 1. Coarsely pulverised popper is exhausted with cold 
water; tlio residual powder repeatedly digested with alcohol of 80 
per cent. ; the alcohol distilled off from the tinctures ; the residue eva- 
porated to an extract, and this extract, after standing for several 
days, washed witli cold water. The undissolved residue is then dis- 
solved in alcoliol ; a (piantity of hydrate of lime is added, equal to y^j-of 
the peppCR’ used; and tlie'lifpiid, filtered after a day’s digestion, is 
left to crystallise. The resulting crystals, if impure, may bo purilied 
by trituj’ation, washing with ether, and recrystallisatioii from al- 
cohol, with help of animal charcoal. (Wittsteiu.) — Vogel (^r. Arch.2^, 
294) lirst recomuieatled the washing of the pepper with water; Pfeil {Maff. Pkarm. 
13, 56) and Hoff {Reperi. 25, 400) the use of hydrate of lime. KenJkenius {Mag. 
Pharm. 13, 59) proceeds in a similar manner. The piperine thus obtained amounts to 
2 ‘4 p. c. of the pepper. 

2. White pepper is exhausted with alcohol of sp. gr. 0*833 ; the 
tincture is distilled to an extract ; and this extract is mixed witli potash- 
ley, which dissolves the resin and leaves a green powder. The latter 
is wasliod with water, dissolved in alcolml of sp. gr. 0*833 and ciys- 
tallised. By rejieatcMl crystallisation the piperine is obtained colour- 
less. (Foutet, /. Olmn. Med. I, 531 ; Berzel Lehrb. 3 Aufl. 7, 577.)— 
This method is preferred by Felletier and Berzelius. Sec also Buchner 
{PcperL22, 270); Carpenter, SUL Am. J. 13, 334; IVleli (Brm/n. Giorn, 
17, 70). — Stenhouse dissolves the extract of cubebs, prcjiared with 
wood-spirit, in alcohol, and mix(ss it with strong potash-ley, whereupon 
a brown oil separates, which yields crystals on standing. The motlier- 
liipior, if again mixed with alcohol yields another portion of oil, which 
likewise deposits crystals on standing. Tiiese crystals arc purified by 
pressure and recrystallisatioii. 

3. Wiuckler distils the alcoliol from the alcoholic tincture of long 
pepper ; dissolves the residue in the required quantity^ of hot alcohol ; 
precipitates the solution with basic acetate of lead ; mixes the filtrate 
while warm with as much sulphuric acid as is necessary to ^precipitate 
the lead; filters while warm; distils the alcohol from the filtrate; ex- 
hausts the residue with water; and dissolves the imdissolved portion 
in hot alcohol, whereupon piperine ciystallises on cooling. {Mag. 
Pharm. 18, 153.) 

Impure piperine maybe pxirified by washing with absolute alcohol, 
•or better with weak potash-^ley. (Henry & Fhsson.) 



^0 PRIMAHY NUCLEUS OXtGEN-NUCLELS C^^IP'^OL 

Properties. Colourless, vitreous, flattened, four-sided, obliquely 
trancatecl prisms. (Pelletier.) Rhombic prisms, with lateral angles 
of 95 and 85°. (Cmelin.) Oblique rhombic prisms, with angles of 
92° 45' and 87° 15'. The terminal face is obliquely sot on the obtuse 
lateral edge, with angles of 106' 80' and 73° 30'. (Wtwkcnrodor.) Khom- 
boidal prisms, with angles of 85° 40' and 94° 20 . ^ (Kegnault.) ^ Kopp 
(Einleitung in die Krg&taUographie., s. 312 ,) describes rhombic piisms^ot 
84° 30', the acutely set terminal face making an angle of 75° 50 with 
the prism. — Rhombic prism, having its base set obliquely upon the 
obtuse lateral edge ; the acute lateral edges often truncated. Fig. 85, 
without £% and /; w : « = 84° 42 ; i : u (behind) =75° 30 32 . (Dauber, 
Ann. Pharm. 74, 204 .) — Crystals belonging to the oblique prismatic 
system. Fig. 87 without a. Rhombic prism, u : u (in front) = 95^22^ ; 
on the edge truncated by t, therefore, u :u=i 84° 38' ; w : A : = 120° 42 ; 
u behind, 75° 45', in front 104° 15'. i:k ^ 135° 3'; h : h = 121° 13. It 
is only in very small crystals that the angles of the rhombic prisms 
can be measured. In larger crystals the faces are curved, and the 
edg’es imperfectly developed. The octahedral faces h were developed 
only in one of the crystals examined. Ilaidinger states, however, 

‘ that truncations of the combination-edge i : u above and in front by 
the other half of the octahedron (Fig. 100, a) likewise occur. — llie 
crystals have an imperfectly vitreous, sometimes fatty, lustre. Colour 
of the crystals examined, greenish yellow, or lemon-yellow. Trans- 
parent to semi-transparent ; trichromatic. With the dichroscopic lens, 
the following tints are observed : Perpendicular to i : nearly colourless, 
brightest tint ; colour of the axis h which unites the faces t : yellow, 
comparatively light j that of the axis a (parallel to i ) : yellow, cornpa- 
tively dark. (Schahus, Bestimmung d. Knjstallgest. p. 177.) 

Piperine melts at about 100° (Pelletier); at 110^ or above (Wack- 
enroder) to a pale yellow limpid oil, which solidifies on cooling to a pale 
yellow, transparent, strongly refracting resin (Gmelin, Wackenroder). 
Sp.gr. of fused piperine 1T931 at 18°. (Wackenroder.) Nearly taste- 
less by itself (Vogel), but has a sharp peppery taste when dissolved 
in alcohol. Impure piperine has a sharp taste, even by itself. It has 
no alkaline reaction. (Pelletier.) Its solution docs not deflect the 
plane of polarisation of light. (Bouchardat, W. Ann. Chini. Phjs. 9, 227.) 

Liebig. Pelletier, Regnault. 

7tiean. 

34 C 204 71*58 69*78 .... 69*47 .... 7M9 

N 14 .... 4*91 4*09 .... 4*51 .... 4*94 

19 H 19 .... 6*67 6*69 .... 6*80 .... 6*78 

6 O 48 .... 16*84 19*44 .. 19‘22 .... 17*09 

C34NHJ90® .... 285 .... 100*00 100*00 .... 100*00 .... 100*00 

Gerhardt. Laurent, Stenliouse. 
mean, mean. 

C 71'52 71*66* 71*72 

N 4*81 4*76 

H 6*68 6*66 6*66 

O 16*99 16*86 

100*00 100*00 

Will & Yarrentrapp found 4*56 p. c. N, 

Kegnault {Ann. Chim. Phys. 68, 158) fir«t gave the correct formula, which was 



PIPERIXE. 


21 


corroborated by Laurent (Ann. Chim. Pkys. 19, 363), and finally settled by fitreeker’s 
invest'gation. Older fornoulae : (Pelletier) ; (Liebig, Ann 

Pharm. 0, 36); (Gerhardt) ; (Wertheim); 

(v. Babo & Keller). Compare also O. llonry & Pliesou (/. Pharm. 17, 119). 


Decompositions. 1. ripcriiic blackens by dn/ distillation^ and yields 
a brown empyroumatic oil, fi’oin which carbonate of ainnionia crystal- 
hses. (Gmelin.) — 2. Heated in a platinum spoon, it melts like wax, 
takes fire at a stronger heat, and loaves an easily combustible charcoah 
(Merck.) — 3. Pipcrinc suspended in acidulated water and exposed to 
the action of the electric current.^ is violently attacked, as also by 
hot concentrated nitiic acid. (Illasiwctz k Rochleder, Wien. AJead. 
Ber. 5, 447.) — 4. It is coloured blood-red by o?7 of vitriol, loses this 
colour on addition of water, and, if the action of the oil of vitriol has 
not been continued for a very long time, does not appear to be sensibly 
altered. (Pelletier.) Oil of vitriol dissolves part of the piperine with the same 
colour, and water precipitates it in flocks. (Dulong, /. P/wm. 11, 62.) The solu- 
tion becomes black on standing. (Wackenroder.) See also Duflos (Schw. 61, 220.) 
This solution in oil of vitriol, on being mixed with bichromate of potash, gives off 
gases, and assumes a brownish green colour, finally changing to dirty green; peroxide 
of lead colours it dirty brown-red, and ultimately black. (Riegel N. Br. Arch. 58, 
293). Compare also Eboli (IV. Br. Arch. 85, 186.) — 5. Bromine converts pipe- 
rino into a peculiar, non-crystallinc product. (Gerhardt.) — (>. Iodine acts 
upon it only when the two are fused together, forming a dark black- 
brown mass, which hardens on cooling. (Wackenroder.) — 7. JNitric 
acid colours pipeline greenish yellow, orange, and then I'ed ; dissolves 
it with a yellow colour, the solution yielding dirty yellow fiakes when 
mixed with water, and, on further action, produces oxalic acid, together 
with a yellow artificial hitter. (Pelletier, Oersted, Wackenroder.) 
Strong nitric acid forms an orange-red resin, which partly dissolves 
with deepening colour when heated. The solution no longer yields 
pipeline when treated with water or alkalis. (Duflos.) The brown 
resin which is produced from piperine by nitric acid, with violent 
action, evolution of nitrous acid, and the odour of bitter almond-oil, 
assumes a splendid blood-red colour when treated with hydrate of 
|.)otash, and when boiled therewith, yields a distillate of piperidine. 
(Anderson.) Von Babo & Keller, by treating piperine with nitrous 
acid, and subsequently distilling it with potash-ley, obtained volatile 
needles which had the odour of cumarin, melted in lioiling water, 
dissolved in alcohol and ether, and, after fusion with liydrate of 
potash, gave the reaction of salicylic acid witli scs(iuichloride of iron. 

8. By boiling with alcoholic potash, piperine is converted into 
piperidine and piperate of potash, (v. Babo k Keller). 
-bKO,HO=C^^KlW-f (Strccker, Ann. Pharm. 105, 317.) 

When heated with potashdme it yields a volatile base (Wertheim, see 
page 13 ; also x. 446) piperidine. (Oahours.) The distillate contains 
water, two volatile bases, the piperidine constituting the chief portion, 
and traces of a neutral body having an aromatic odour like that of benzoin. 
(Oahours.) If the mixture is heated in the oil-bath, not above 160®, no 
ammonia is produced, and there remains a brown mass, which hardens 
on cooling. If this be pulverised, washed successively with cold water 
and alcohol to remove hydrate of potash and undecomposed piperine, then 
repeatedly digested with hot dilute hydrochloric acid, and the result- 
ing resinous cake dissolved in alcohol, water separates from the solu- 
tion, yeflow flocks, which, after dying in vacuo, contain on the average 
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78-36 p. c. 0., 6*96 H., 4-08 N., and 15*10 0., wMcli Wcrthcim repre- 
sents by the formula When pipcriiie is heated with soda- 

lime to a temperature above 200°, a larg'd* quantity of piperidine is 
obtained, together with ammonia, and tlic residue il siqxu’satnrated 
with hydrochloric acid, deposits yellow flocks containing 71*41 ]>. c. 0., 
5-65 H., and 22*94 0 ., accordiiig to Wertheini == riperine 

heated Avith hydrate of potash^ melts, gives otf a sliar[) odour of peppen*, 
and yields a milky aqueous distillate. When moi'c strongly lujated, 
it gwes off hydrogen gas AAuth iutume sconce, and finally ammonia. 
(Gerhardt.) — *9. Heated Avith bichromate ofjmiaHh and dilute sulpliviric 
acid, it giAms off a large quantity of carbonic acid, and yields a slightly 
acid aqueous distillate Avhich reduces nitrate of silver. Tlic residue siru'ils 
like bitter almonds, and AAdien eAuaporated to dryness and exhausted, 
first with alcohol, then with Avater, leaAms a greenish amorphous 
extract. (Gerhardt.) — 10. Permmigauate of pota.di. adde<I to a solution 
of pipeline mixed Avith sulphuric acid, coloiu's it green after a foAv 
hours. (Duflos.) 

Combinations. Piperine is insoluble or very sparingly soluble in cold 
loater^ slightly in hot AAmtcr, whence it is deposited on cooling. (Pel- 
letier, Oersted.) 

It is not perceptibly soluble in aqueous mineral acids ; neither docs 
it combine with them. (Pelletier, Dulong, Regnaiilt.) 

Piperine combines with iodine^ forming shining, bluish black needles, 
soluble in alcohol, and containing (see Weltzien, Bpst, 

Zusammenst 562.) 

With Hydrochloric acid. Fuming hydrochloric acid col ours piperine 
deep yelloAv, itself acquiring the same colour by coiitact with it. (Pel- 
letier, Dulong'.) The solution of piperine in alcoholic liydrochloric acid 
leaAms, Avhen evaporated in vacuo, a residue free from hydrochloric 
acid. (Regnault.) A¥hen dry hydrochloric acid is passed over air- 
dried piperine, ultimately heated to fusion, the mass acquires a lemon- 
yellow colour, changing to light broAvn, and takes up 13*05 to 13*74 p. c. 
HCl, withoiAt separation of water. (O^^NIP^O®, IICl = 12*63 p. c. IlCl) 
The transparent mass solidifies in the ciystallinc form on cooling, is 
decomposed by water into piperine and aqueous hydrochloric acid, and 
dissolves in alcohoL (Varreutajip & Will.) 

From solution in pgrc/doric piperine crystallises out xmaltorcd 
by spontaneous evapoiatioii. (J. Bodeckcr, Ami. Pharnu 7.1, 63.) 

Piperine does not dissolve in aqueous ammonia or in the fixed alkuUs, 
(Merck.) 

Phosphomohfhdic acid colours piperine broAAm -yellow, and precipi- 
tates it in flocks. (Scmnenschein, Ann, Pharm. 104, 45.) Piperine like- 
wise forms a yelloAV precipitate AAuth a very dilute solution oi pimsphan'- 
timonic acid (the acid mixture obtained by dropping pentacliloridc of 
antimonyinto aqueous phosphoric acid.) (Schultzc, 109, 179.) 

Pipeline with Chloride of Cadniiim, — StraAV-yelloAv needlcKS containing 
C»lsHW^2HCl,9GdCl + 6no. (Qallctly, N. Edinh. Phil. J. 4, 94 ; 
Chem, Cent7\ 1856, 006.) 

With a very dilute solution of potasm-meremie iodide, pijKn’ino 
forms a yelloAvish Avhitc, permanently amorphous precipitate. (Delffs 
N. Jahrb. Pharm, 2, 31.) , 

is obtained by mixing a solution of 1 pi 
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piperine ia strong alcohol acidulated with hydrochloric acid, with an 
alcoholic solution of 2 pts. mercuric chloride, collecting the crystals 
after three clays, and washing thorn with alcohol. Yellow, shining, 
transparent crystals wliich hecoino darker by exposure to the air, or 
at the heat of the water-bath. They belong to the doubly oblique 
prismatic system. The crystals consist of three hexaid faces v/, ^r, u 
{fig, the edge between y and v/,, to the right above, being irnncated 
by a dodeca'id face g ; the edgcj bctw(‘.en u and to the left in front, 
truncated by three dodccakl fac(\s r, tlic iigure v and iP' woiilcl 

come between v and ^■) ; the edge between z and u tnincatcd by a 
dodeca'id face ‘W ; tlio edge between z and//, to the front above, trun- 
cated by a dccaid face if ; the edge Iretweeii y and to tbo front 
belowq truncated by a docbcaid face t'; and tbo summit between u, v, 
y, to the right above, truncated by an octaid face o. — ^ = 102° 51 ; 

ziio — 144° 35 ; w : u = 138° IC' (by calculation) = 138° 18' (by obser- 
vation); ?y : w =: 110° 9'; z : ‘i) 133° 31' ; u (left) : v = 123° 37'; 

y : V = 106° 51'; w : vovcv z = 08° 6'; z : v = 160° 58' (calculated)' 
= 170° 8^ (^observed); u (left) : '<0— 87° 10' (calcnlatcid) = 87° 4' 
(observed); ?/ : = 120° 4'; v : = 143° 33'; ^ = 178° 28'; 

u (left) ; = 101° 20^ ; ?/ ; u ovnn* g = 102° 24' ; y : ?/ = 147° 35' ; 

g:u = 134° 49'; </ : z ~ 120° 18' (calculated) = 120° 20' (ob- 
served) ; ?/ : c = 121° 46' ; : z - 111° 52'; t} : u = 91° 22'; : y =i 

126° 21'/ tiy = 123° 51'; e : ^ (behind) = 08° 17' (calculated) = 
98° 15' (observed) ; o : u = 130° 19'; o : y == 125° 59 ; o : v behind 
= 125° 75' ; 0 : to = 141° 25'; o : tP = 141° 3'. The faces and 
occur but rarely. The crystals are short ])risms in the direction of 
z and u. They are plane and smooth faced, u only being sometimes 
curved- Lustre vitreous, somewhat fatty and adamantine. Transpa- 
rent to semi-transparent. Slightly tricliromatic. Powder lemon-yellow* 
(Schabus, Bestmmmig, p. 198.) 

Insoluble in water, sparingly soluble in strong hydrochloric acid and 
in cold alcohol, more easily in hot alcohol, (Hintcrberger, Wim, Ahad, 
Ber, 6, 114 ; Ann, Fliarm, 77, 204 ; J. pr. Cliem. 53, 246). 


C8 C 

408-0 

... 46-49 

Hinterberger, 

mean, 

46-75 

2 N 

28-0 

... 3-19 


39 H 

39-0 

.. 4-‘i4 

4*49 

12 0 

, 90*0 

... 10-94 


2 Hg 

200*0 

... 22-79 , 

22-35 

3 Cl 

lOC-5 

... 12-15 


2C3^NHi«OMlCl,2HgCl.., 

, 8:7-5 . 

... 100-00 



According to Hinterberger it is C7WlP70W,HCI,2HgCl + 2HO. 

When an alcoholic solution of hydrochlorato of piperine mixed with alcoholic 
cyanide of mercury is left to evaporate in the air, a reddish yellow resin is obtained, 
together with free piperine, 

CMoroplatinate of Piperine.— Tmt observed by Tarrentrapp & Will. — A con- 
centrated alcoholic solution of piperine is mixed with concentrated 
alcoholic bichloride of platinum and fuming hydrochloric acid, the 
mixture is left to evaporate, and the resulting crystals are washed 
with strong alcohol Large aurora-red crystals belonging to the 
oblique prismatic systenq. Taste sharp and burning. Unalterable at 
10Q°, melts somewhat above 100°, ^nd decomposes with strong tume- 
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faction (Werfheim.) Dissolves very sparingly in water, being resolved 
at 'the same time into hydrochloric acid and pipeline [and bichloride of 
platinum]. (Yarrentrapp & Will ; Wertheim.) Dissolves in cold alcohol, 
and very abundantly in hot alcohol, so that on cooling, a large quantity 
of a fiery orang-e-yellow powder is precipitated. (W ortlieim.) 

Wertlieim. 

mean. 


68 C 

.. 40S-0 

.... 52-54 ... 

.... 54-52 

2 N 

.. 280 

.... 3*60 ... 

.... 3-53 

89 H 

.. 39-0 

.... 5-02 ... 

.... 5*30 

12 0 

96-0 

.... 12-43 ... 

.... 10-54 

Pt 

.. 98-7 

.... 12-71 ... 

12-70 

3 Cl 

.. 106-5 

.... 13-70 ... 

. ... 13-41 

2C3^NHi90«,Ha,PtCl2 .. 

.. 776-2 

.... 100-00 .... 

100-00 


Wertheim’s formula C'WH^O^®,HCl,PtCO‘^ agrees better with his analysis, but it 
assigns to free piperine, the formula or + 2HO, which is not 

at all probable. 

Piperine dissolves readily in acetic acid', the solution is prcci|)itatcd by 
water, and yields feathery crystals by evaporation. (Pelletier, Morck.J 

It dissolves more readily in hot alcohol than in cold, and is pre- 
cipitated by water. (Pelletier.) Soluble in 30 pts. of cold, and in an 
equal quantity of boiling alcohol. (Wittstein.) The solution is ren- 
dered milky by water, and deposits the piperine in small crystals. 
(Wackenroder.) 

Piperine dissolves in 60 pts. of ether (Merck), in 100 pts. of cold, 
and in a smaller quantity of warm ether. It dissolves in volatile oils, 
and crystallises as the solvent evaporates. . (Pelletier.) It dissolves 
abundantly in warm creosote, and remains dissolved on cooling. 
(Reichenbach.) 


Oxygen-nuekus 

Glaucomelanic Acid, 


= G2W0«,0«. 


WoHLEK & Mekiclein. Ann. Phariiu 55, 129. 

Known only as a potash-salti 

Formation. 1. By the action of the air on cllagic acid in presence 
of excess of alkali. — 2. On mixing ellagate of potash with hypochlo- 
rite of potash. 

Freparation of Glaucomelanate of Potash. — Ellagic acid is dissolved 
in cooled, moderately strong potash-ley, and left to stand in contact 
with the air, whereupon the solution first assumes a deep reddish 
yellow colour, then becomes lighter, and, commencing from the sur- 
face, deposits glaucomelanate of potash in slender black crystals, in- 
termingled with ellagate, if the solution has stood for too long a time 
in contact with air containing carbonic acid. The liquid is decanted 
before the separation of ellagate of potash begins, and the black 
crystalline powder is washed, first with water containing potash, 
then with pure water. Glaucomelenate of soda may also may be obtained by 
beating ellagic acid with soda-ley; but it is more difficult to purify. 
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Propei'ties of the Potash-salt. — Blue-back, crystalline, shining 
powder, appearing under a magnifying power of 200, to consist of 
broad, thin prisms, black-blue by transmitted light. The air-dried 
salt gives ofi: in vacuo | of its crystallisation-water, and the rest 
at 100° without further alteration, the total quantity being on 
the average 1G*84 p. c. (calc. 4 at. H0 = 17*53 p. c.) 



at 120®. 


Wbliler & Merklein. 

24 C 

...... 144'0 .. 

.. 42*55 .... 

40-96 .... 

41-72 

4 H 


.. 1*18 .... 

0-98 .... 

1 “29 

12 0 

96-0 

... 28-33 ... 

29-38 ... 

30-16 

2 KO 

94-4 .. 

... 27*89 ... 

28-68 ... 

26*83 


338-4 .. 

,. 100-00 ... 

100-00 ... 

100-00 


The reproduction of ellagic acid from glaucomelanic acid makes the formula of the 
latter appear doubtful. (Gerhardt, TraiU 3, 873.) 

Decompositions, 1. Glaucomelanate of potash wlmi heated in a tube, 
gives off water, carbonises, without yielding any empyreumatic products, 
and leaves charcoal, together with carbonate of potash. — 2. It dissolves 
abundantly in hot watet' and in contact with the air, with green, and 
afterwards with yellow, colour, forming ellagate of potash, which 
separates from the solution on cooling, if the ptash-salt be heated with 
yvater, and evaporated to drynes?, a dirty olive-green mass is obtained, equal in weight 
to the original salt. The latter yields 73 p. <J. of brownish ellagic acid, and a quantity 
of chloride of potassium equivalent to 29 pts, of potash 3. Heated with hydro- 

chloric acid^ it yields a deposit of ellagic acid. — 4. With nitrous acid 
vapour^ it assumes a fine purple-red colour. — 5. In hot concentrated 
potash-ley it dissolves with deep emerald-green colour, quickly chang- 
ing to deep yellow in contact with the air. 

The acid dissolves sparingly in cold water, with blackish purple 
colour. It is insoluble in alcohol. 
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Filipelosic Acid. 


Luck. Jahrh,pr, Pharm. 22, 139 and 141. 

Pilimelisic acid. 

Preparation, 1. Filicic acid (from Aspidhm fdix mm, see below) is 
dissolved in warm, very dilute potash-ley ; the solution exposed to the 
air for a week ; and the filtrate precipitated with dilute sulphuric acid, 
ly The precipitate is washed, dried and obtained as a loosely coherent 
%Jowder, by solution in ether-alcobol and f p mtaneous evaporation of 
Ihe filtrate. — 2, When filicic acid is heated with dilute alcoholic 
ammonia to 80° or 100° for some time out of contact with the air, the 
liquid then precipitated with sulphuric acid, and the precipitate purified 
^1^ in 1, Luck^s filimelisic acid is obtained. 
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Properties. Amorplious loam-coloured powder ; when prepared by 2, 
it consists of microscopic spherules. Tasteless, 


Luck, Luck. 

mean. 'mean. 

In vacuo. a. Lw vacuo, b, 

24 C .... 144 .... 65*45 .... 64*92 24 C 144 .... G2*B8 .... 62*81 

12 H.... 12 .... 5*45 .... 0*16 13 H 13 .... 5*(i7 .... 5*71 

8 0.... 64 .... 29*10 .... 28*92 9 0 72 .... 31*45 .. 31*48 


02.i{ji2{)s 220 .... 100*00 .... 100*00 C-^IU-O^HO 229 .... 100*00 .... 

Luck regards the acids obtained by 1 and 2 'as different, the former as 
the latter as although they agree perfectly iii their properties, and in tlie 

composition of their lead-salts. The formulae given by Luck for chlovo- and bichloro- 
filipelosic acid, as well as that of filimelisi-sulphuric acid ai*e improbable in the Inghest 
degree. (Kr.) 

Tilipclosic acid melts and burns when heated on platinum- foil. — It 
is converted by dry chlorine into chlorolilipelosic acidj by arjueous 
chlorine into biclilorolilipelosic acid. 

It is insoluble in xvater^ but dissolves with brown colour in oil of 
vitriol. It dissolves readily in aquepus alkalis; the solution yielding* 
with most metallic salts, precipitates varying in colour from yellow to 
brown. 


Lead-salt. 

Precipitated 

from the 

soda-salt by neutral 

acetate 

lead. 









Liick. 



In vacuo. 


a. 


l. 

24 c 

144 .. 

. 42*23 ... 

.... 40*32 .... 

41*15 .. 

. 41*87 

13 H 

13 ... 

.. . 3*81 .... 

.... 4*07 .... 

4*06 .. 

. 4*21 

9 0 

72 ... 

,, 21*11 .... 

21*91 .... 

22*83 ... 

21*60 

PbO .... 

112 ... 

,. 32*85 .... 

33*70 .... 

31*96 ... 

.. 32*62 

C24HUPbOS 

,2HO 341 ... 

.. 100*00 .... 

100*00 

100*00 ... 

. 100*00 


a is Luck^s filipelosate of leadj h his filimelisate. 


Filipelosic acid dissolves in sulphide of carhon, alcohol^ ether, volatile 
oils and fixed oils. 


Filimelisi-sulphuric Acid. 

Luck, Jahrh. pr. Pliarm. 22, 149. 

Preparation. Filicic acid is triturated with 6 or 8 pts, of fuming 
oil of vitriol tiU completely dissolved; the solution after stand- 
ing for 2 to 4 hours, is dropped into a dilute and cooled solution of 
Glauber’s, salt, avoiding all rise of temperature ; and the precipitate is 
collected, washed with cold solution of Glauber salt, to remove free 
acid, then pressed and dried. The dry mass treated with warm 
alcohol or ether, yields up its acid to the solvent, while sulphate of 
soda remains behind; the acid may then bo obtained in tlie solid state 
by evaporating the filtrate. 

Transparent, amorphous, brown-yellow mass, which may bo 
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rubbed to a gold-yellow powder. Inodorous. Tastes bitter. Has a 
faint acid reaction. 


Luolf. 

mean, 

24 C 144 .... 55*17 .... 55*32 

13 H 13 .... 4-il8 .... 5*29 

8 0 64 .... 24*10 .... 23*00 

S(.y« 40 .... 1.5*30 .... 15*10 


261 .... 100*00 .... 100*00 


After deduction of a cetain amount of ash. — 8o, according to Luclc; but the for- 
mula is not in accordance with the principles of this Hand book. 

Insoluble in water; dissolves with deep y(dIow colour in The 

solution of the baryta-salt precipitates metallic salts brown, but not 
nitrate of silver. 

Barifta-salt. — Prepared by mixing the arpieous acicl Avith baryta- 
water, and removing the excess of baryta by [lassing carbonic acid 
through the liquid, evaporating, and redissolving as long as carbo- 
nate of baryta contii UK'S to scjiarate. — Amorphous mass, having a 
fine red-load colour, and l)ittcr taste j easily soluble in water. 

Calculaiion occonlmg to Lvch. Luck. 


24 C 144 .... 42*06 .... 42*35 

13 H 13 .... 3*85 .... 3*90 

8 O 64 .... 18*96 

S03 40 .... 11*85 

BaO 70*5 .... 22*68 ... 23‘07 


337*5 .... 100*00 


Lead-mlts, a. Mono-acid . — Yellowish red precipitate, obtained by 
mixing the aqueous baryta-salt with neutral acetate of lead. 


24 C 

.... 144 . 

38-61 .. 

Luck. 
.. 38*34 

13 H 

.... 13 . 

.. 3-48 .. 

. 3-57 

8 0 

.... 64 . 

.. 1M5 


scy 

.... 40 , 

.. 10*72 


PbO 

112 . 

.. 30-04 .. 

.. 29-32 

C»>H>'''0»SO“,l’bO .... 

373 . 

... 100*00 



h. With excesf^ of Lead-oxide. — Brick-red proeijntato, obtained by 
adding neutral acetate of kuid to the aqueous solution of tljc baryta- 
salt mixed with ammonia. A precipitate of the same colour is 
obtained by treating the aqueous baryta-salt with basic acetate of 
lead. 


24 C 

144 .. 

. 20-31 .. 

Luck. 
.. 20-10 

13 H 

13 .. 

. 1*83 .. 

1-87 

8 0 

64 .. 

. 9-02 


SO^ 

40 .. 

. 5*64 


4PbO 

448 .. 

. 63-20 .. 

63*49 


CS^Hi30«,S0^4Pb0 709: .... 100*00 

The acid dissolves readily in alcohol and, in ether.. 
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Oxygen-nucleus 


Luteolin. 

C**H*0'“ = C^H^OSO*. 

Qheveeto. (1830). J. Chim. AM. 6, 157; Ben. Jahresher. 11, 280. 
Moldenhauer. Ann. Pkarm. 100, 180 ; JXngl. polyt. J. 144, 71 ; J.pr. 

Chem. 70, 478. 

ScHuTZENBERGER & Paraf. Compt rend, 52, 92 J Zeitsch\ Ch, Pliarm, 4, 
134, 

Discovered by Cbevreul. — DifFerent from Liesching’s luteolin, a preparation from 
weld, which is used in dyeing. (Comp. Chem. Centr. 1856, 159.) 

Occurrence. In dyer’s weld. {Reseda luteola.) 

Preparation, Weld is exhausted with hot alcohol of 80 per cent. ; 
the tinctures are concentrated by distilling off the alcohol, and by 
further evaporation ; and the impure luteolin which separates after 
standing for a day is collected. Por purification, either the luteolin is 
dissolved in boiling concentrated vinegar, the solution evaporated, and 
the luteolin extracted from the residue by ether (containing water) ; or 
the separated impure luteolin is dried, washed several times with a small 
quantity of ether, which chiefly takes up resin, and dissolved in a larger 
quantity of ether. The whole of the luteolin thus prepared may bo 
obtained pure and ciystallised, by pouring the solution into 20 times 
its volume of w^ter, then boiling, filtering, and cooling the filtrate, 
(Moldenhauer.) The alcoholic extract of weld may likewise be dissolved 
in alcohol, the alcohol distilled off, and the luteolin precipitated from 
the hot-filtered residue by neutral acetate of lead. The precipitate is 
decomposed under water by sulphuretted hydrogen, the sulphide of 
lead collected and dried, the adhering luteolin extracted therefrom by 
ether containing water, atid then re-crystallised from alcohol. It may 
also be re-crystallised from dilute sulphuric acid, acetic acid of 15 to 20 
per cent., or water with 2 per cent, alcohol. (Moldenliaiier). — 2. Weld 
is exhausted with alcohol ; the alcoholic solution precipitated witli 
water, and the precipitate heated with water to 250® in a closed steel 
cylinder. After cooling, the sides of the cylinder arc found to be 
coated with crystals, which mtist be separated from tbo cake of resin 
at the bottom, and purified by two crystallisations from over-beated 
water. (Schiitzenberger k Paraf.) 

By precipitating the aqueous decoction of weld with basic acetate of lead (or agitating 
it with hydrated oxide of lead), decomposing the washed precipitate with sulphuretted 
hydrogen, and evaporating the filtrate in vacuo, Preisser (/ ee. scimi, 16, 56 ; J. pr, 
Chem.) obtained his luteolin in white spangles, slightly acid, ? nd of sweetish bitter 
taste. This product sublimes in golden yellow needles, and, by exposure to the air or by 
boiling with chromic acid, is converted into broad gold-yellow spangles, Preisser's 
lein. It dissolves in water, is coloured bright yellow and afterwards precipitated by 
ammonia or the fixed alkalis, likewise by lime-, strontia-, or baryta -water. From a 
solution of neutral acetate of lead, it throws down a white precipitate, which becomes 
gold-yellow on exposure to the air, and from ferrous sulphate, a pale greenish-yellow 
precipitate, which turns brown when exposed to the air. It dissolves in alcohol and ether. 
(Since, however, Preisser^s other statements respecting colouring matters have been 
often refuted, it is probable that these also are not deserving of much confidence, Kr,). 
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Compare, on this subject, Arppe, Ann. Pharm. 55, 101; Sdilieper, Ann. Pharm. 58, 
359; Schiel, Ann. Phfirm. 60, 76; Bolley, Ann. Pharm. 62, 150 ; 'Weyermann & 
Haffc^ly, Ann. PJiarm, 74, 226; Eisner, J. pr. Chem. 35, 377; Bolley & "VVydlei*, J. 
pr. Chem. 43, 507 ; Wagner, J.pr. Chem. 51, 82). 

Properties. Small four-sided needles, of pure yellow colour, and 
silky lustre. It sometimes separates from ether in the amorphous 
state (Moldcnhauer.) Inodorous, but tastes slig-htly bitter and harsh. 
Melts above 320°, with partial decomposition. Slightly acid. (Mol- 
denhancr.) Air-dried Inteolin contains 10*23 p. c. water (3 at. = 
10*42 p. c.), after drying over oil of vitriol 7*02 p. c. (2 at. == 7*2 p. c.) 
which goes off at 150°, (Schiitzenberger & Paraf.) 

Calculation according to : 

1. 2. 3. 


Schiitzenberger & Paraf, Moldenhauer. Hlasiwetz. 


24 

C 

. 144 . 

.. 62*07 

40 C 

... 240 .. 

., 62*82 

58 C 

. 318 .. 

.. 62*14 

8 

H 

. 8 .. 

.. 3*45 

14 H 

14 .. 

.. 3*66 

20 H 

, 20 .. 

3*57 

10 

0 

80 ... 

34*48 

16 0 

... 128 ... 

.. 33*52 

24 0 

, 192 .. 

.. 34*29 

C24H«OW.. 

, 232 .. 

100*00 


... 382 .. 

.. 100*00 


. 560 .. 

.. 100*00 


Moldenbauer. Schiitzenberger & Paraf. 

at 100“. at 150". 

C 62*50 to 63*00 61*67 to 62*54 

H 3*70 „ 4*08 3*49 „ 3*77 

O 33*80 ,, 32*92 34*84 „ 33*G9 

100*00 to 100*00 100*00 to 100*00 

Moldenhauer analysed luteolin re -crystallised from sulphuric acid, acetic acid or 
alcohol, with nearly equal results. From his deternunations of the quantities of metal 
in the luteolin-salts, he regards the formula as not completely established. According 
to Hlasiwetz (Ann. Pharm. 112, 107), luteolin might be identical with alpha-quer- 
cetrin (calculation 3) ; this however is doubted by Bolley. (Ann. Pharm. 116, 60.) 

Decompositions. 1. By mh/drom phosphoric acid at 200°, luteolin is 
converted into a red substance, which dissolves with violet colour in 
ammonia (Schiitzenberger k Paraf.) — 2. When luteolin is heated witl 
caustic ammonia to 100° in a closed tube for three or four days, a deej. 
yellow solution is formed, which, when evaporated, leaves a dark- 
coloured substance, whence ammonia is evolved by hydrate of potash^ 
but not by lime : probably luteolamide. (Schiitzenberger k Paraf.) — * 
3. With watm concentrated nitric acidy it turns red-brown and partially* 
dissolves, the solution depositing brown flocks .when mixed with water. 
By longer boiling, a colonrlcss solution is formed containing oxali**’? 
acid. — 4. By distillation with chromic acidy it yields formic acid. (Mol- 
denhauer.) — 5. Prom nitrate of silver it reduces the metal without 
previous reddening. (BoUcy.) 

Luteolin dissolves in 14,000 pts. of cold and 5,000 pts. of boiling 
watery and is precipitated in the amorphous state by acids. (Molden- 
hauer.) According to Chevreul, it dissolves very easily in water* 
Dissolves in oil of vitrioly with deep reddish-yellow colour, and ifc 
precipitated-'by water without alteration. Dissolves sparingly in dilute 
adds. (Moldenhauer.) According to Chevreul, it unites with acids. 

Luteolin unites with hoses. (Chevreul.) It dissolves in aqueous 
ammonia with deep yellow colour, and remains behind free from 
ammonia when the solution is evaporated. (Moldenhauer.) 
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Liiteolin ivith Potash . — Prepared from liiteolin and carbonate of 
potash, similarly to alizarin-soda (xiv, 139), and contains 29*3 p. c. 
potash, (Moldenhaner.) 2 KO= 28*92 p. c. KO [Kr.]) With aqueous 

alkalis, luteolin forms gold-yellow solutions, which undergo slow alteration on exposure 
to the air, (ChevreuL) 

Luteolm ivith Baryta . — Produced by mixing- a hot aqueous solution 
of luteolin with caustic baryta, then with oue-tliird of its volume of 
alcohol (Moldenhaner.) 

Luteolin with Oxide of Lead — A hot aqueous solution of luteolin 
forms, with alcoholic acetate of lead, a beautiful yellow precipitate, 
containing 46*12 p. c. PbO. (Moldenhaner.) Alcoholic acetate of lead 
precipitates alcoholic luteolin. (Schtltzcnbcrger & Paraf.) 


24 C 

.... 144 . 

... 31*44 

Scliiitzenberger & Paraf, 
30-97 

8 H 

.... 8 . 

... 1*75 

1-98 

30 O 

... 80 ., 

... 17*90 

17*72 

2 PbO 

.... 224 

... 48*91 

49-33 

C24Hsoio,2PbO 

... 456 .. 

... 100-00 

100*00 


Aqueous luteolin does not affect fetrous salts, but colours a very 
dilute solution of f&Tic chloride green at first but afterwards rod- 
brown, the latter colour being produced immediately in more concen- 
trated solutions. (Moldenhaner, Bolley.) 

A compound of luteolin witli cupric oxide^ is formed by precipitating 
the hot aqueous solution with sulphate of copper ; it has a dark colour, 
and contains 20*16 p. c., CuO. (Moldenhaner.) 

Luteolin dissolves in 37 pts. of alcohol and 6*25 pts. ether. It dis- 
solves with peculiar facility in strong •warm acetic acid, and separates 
almost completely on cooling. It does not precipitate a solution of 
gelatin. Its warm aqueous sohition imparts a fine jonquil-yellow cjlour, 
after some time to silk and wool mordanted with alum, and olive- 
green to the same fabrics mordanted -with iron. (Ohevreul.) 


OxycMorme-nuclcus 

CMorofilipelosic Acid. 

= omw^oso^i 

.LijOk. Jahrh. pr, Pharm. 22, 144. 

When dry chlorine gas is passed over filipelosic acid in a bulb- tube, 
the acid melts, with rise of temperature and evolution of hydrochloric 
acid gas, to a transparent light-brown mass, which, after washing with 
water, dissolves in ether-alcohol with dark brown-yellow colour, and 
remains behind when the alcohol is left to evaporate. 

Amorphous, transparent, light-brown mass, wdiich may be rubbed 
4o a brown powuler, has a faint fruity odour, a slightly bitter taste, and 
strong add reaction. 
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24 C 

.. 144*0 

... 54-68 .... 

Luck. 
54-59 

12 H 

12*0 .. 

... 4*55 .... 

.... 4-78 

Cl 

35*5 . 

13-48 .... 

13-50 

9 0 

.. 72*0 

... 27-29 ..., 

27-13 


.. 263-5 . 

... 100-00 ... 

100-00 


According to Luck it is (see page 20). 

Potas7i4ei/ colours tlic acid dark brown, probably forming cldoride 
of potassium. 

The acid is insoluble in water, but dissolves with brown-yellow 
’eolour‘ ill alkalbm liquids. The alcoholic solution of the soda-salt forms 
brown-yellow precipitates with most metallic salts, but darkens the 
solution of nitrate of silver without precipitating it. 


Lead-salt , — By precipitating 
neutral acetate of lead. - 

the 

dilute aqueous 

soda- salt 

In vacuo, 


Luck, 

24 C 

144*0 

.... 38*40 ........ 

38*30 

12 H 

12-0 

.... 3-20 

3*22 

Cl 

35*5 

.... 9-45 


9 0 

72*0 

.... 19*20 


PbO 

112-0 

.... 29*75 

29*31 

C2qiwC10",Pb0 + 21-10.... 

375-5 

.... 100*00 



The acid dissolves in alcohol, more readily in ether, less easily in 
sulphide of carhoji, fixed oils, and oil of turpeutbie. ^ 


OxycldoTme-’nucleus 


Bichlorofilipelosic Acid. 

C“CPII“0* = C«CPH“0*0*? 


Luck, jalvrh. pr, Pharm. 22,0.^. 

Chlorine is passed into water in which lilipelosic acid is suspended, 
as long as the odour of the gas disappears after the liquid has been 
left to itself for a while ; the product is then waslied witli water, apd 
purified by solution in alcohol and spontaneous evaporation. 

Amorphous mass, which may be rubbed to a light brown powder, 
and melts at a gentle heat. Tasteless. Has an acid reaction. 




In mcuo. 


Luck. 

24 

C 

144 .... 

46*93 ... 

.... 46’68 

12 

H 

12 .... 

3-91 .... 

.... 4*09 

2 

Cl 

71 .... 

23*08 .... 

.... 23*44 

10 

0... 

80 .... 

26*08 .... 

.... 25*79 


C24Cl2tP0O8,2HO..,. 307 ....100*00 100*00 

According to Luck it is (comp. p. 26.) 

Insoluble in but dissolves in aqueous alkalis, forming salts 
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“wliicli precipitate the solutions of metallic salts, like chlorofilipelosate 
of soda. 

Lead-salt — Obtained like the lead-salt of the monochlorinated acid. 



In vacuo. 


Luck. 

24 C 

.... 144 .... 

27-64 .... 

.... 27-42 

31 H 

.... 11 .... 

2-U .... 

.... 2-15 

2 Cl 

.... 71 .... 

13-63 


9 0 

.... 72 .... 

13-79 


2 PbO 

.... 224 .... 

42-83 .... 

.... 42-95 

PbO,2 H 0 

.... 522 .... 

100-00 



The acid dissolves in alcohol and in ether^ sparingly in sulphide of 
carbon^ fixed oils^ and oil of turpentine. 


Primwp Nucleus 

Kinovous Acid. 

? 0 ^. 

ELawalieii. Wien. Ahad. Ber, 11, 344. — 13, 525. 

Quinowus acid. Chinovigesaure. 

Occurrence, In the needles of Finns sylvestris. In the green parts 
of Thuja occidentalis. 

Preparation. 1. From Pine-needles, The needles are cut up and 
boiled with alcohol of 40® ; the alcoholic decoction is distilled in the 
%vater-bath, the greater part of the volatile oil then passing over with 
the alcohol; and the distillate is mixed with water. It is thereby 
separated into a dark green resinous mass containing ceropic acid, 
kinovous acid, and a small quantity of volatile oil, and a turbid watery 
liquid in which pinipicrin, sugar, traces of citric acid, oxypinotanic 
acid and pinitannic acid remain dissolved. The needles exhausted 
with alcohol still contain a little pinipicrin and jelly, which latter 
may be obtained in the manner described at page 239, vol. xiii. The 
resinous mass is dissolved in alcohol of 40® ; an alcoholic solution of 
neutral acetate of lead added, which throws down impure ceropate of 
lead (to be treated as descaribed under ceropic acid) ; sulphuretted hydrogen is 
passed into the filtrate ; and the precipitated mixture of chlorophyll 
and sulphide of lead is separated by filtration. The now yellow fil- 
trate deposits, after the alcohol has been distilled off, a semi-fluid 
resin, which dissolves in veiy dilute potash-ley, to a light brown 
liquid, from. which the resins may be precipitated in combination with 
lime by chloride of calcium. These resins are filtered off and washed 
with water, and the filtrate and wash-water are precipitated with a 
slight excess of hydrochloric acid, whereby faintly yellow flocks of 
kinovous acid are precipitated, to be purified by collection, re-solution 
in dilute potash, treatment of the solution with animal charcoal, and 
precipitation of the filtrate with hydrochloric acid, (Kawalicr.) ‘ 

2. From Thuja occidentalis. The decoction of the green parts of 
Thuja occidmtalk prepared with alcohol of 40® deposits yellow waxy 
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flakes on cooling. On subsequently distilling the liquid, alcohol and 
volatile oil pass over, while resin and a turbid watery liquid remain. 
This liquid contains tannic acid, sugar and |imipicrin, and serves for 
the preparation of pinipicrin (see below). The resin is dissolved in 
boiling alcohol of 40°; the still dissolved wax is precipitated by 
alcoholic acetate of lead ; the filtrate treated with sulphuretted hy- 
drogen, which precipitates chlorophyll a,nd sulphide of lead; these 
substances arc removed ; and the alcohol is separated from the filtrate 
by distillation. The remaining liquid deposits a semi-fluid resin, which 
is to be dissolved in dilute potash-ley, mixed with chloride of calcium, 
to remove the alpha-thuja resin, filtered from the precipitate, and 
treated with hydrochloric acid, which precipitates yellowish- white 
flocks, consisting of a mixture of kinovous acid and beta-thuja resin, 
to be dissolved, after washing, in lime-water. Carbonic acid passed 
into this solution throws down a mixture of kinovous acid and carbo- 
nate of lime, from which the former may be extracted by ether, and 
obtained in the solid state by evaporating the ether over the water- 
bath. — The beta-thuja resin remains dissolved after the carbonic acid 
has been passed through the liquid, as just mentioned, and may be 
precipitated from the filtrate by hydrochloric acid. 

Properties, White or slightly yellow brittle mass, converted by tri- 
turation into a strongly electric powder. 

In vacuo. Kawalier. 

a. b. 

24 C 144 .... 70-93 70*55 .... 70*82 

19 H 19 .... 9-36 9*48 .... 9*40 

5 0 40 .... 19-71 19-97 .... 19*78 

203 .... 100-00 100 00 .... 100*00 

a, from Pine-needles ; b, from Thuja. — So, according to Kawalier. To bring the 
formula into accordance with the principles of this work, the acid dried in vacuo must 
he supposed to contain 1 at. HO more. (Kr.) 

Kinovite of Silver. — Obtained by dissolving the acid in lime-water 
and precipitating with nitrate of silver. — White, but becomes grey 
after drying in vacuo. Detonates when heated, but not so strongly 
as oxalate of silver. Contains 74*11 p. c. oxide of silver, and is there- 
fore 5 AgO (Kawalier) ; by calculation, 74*2 p. c, A gO. 


Appendix to Kinovous Acid. 

1. Pinicorretm (Kawalier, Wmi. Akad. Per. 11, 359).— 

Found in the bark of Pinus sylvestris. — The bark of the upper parts of 
the stem, after being freed from the outer rind, is cut in pieces, and 
boiled with alcohol of 40^^ ; the ceropic acid which separates from the 
decoction on cooling is separated by filtration ; the greater part of 
the alcohol evaporated ; the residual liquid mixed with water ; and 
the turbid liquid treated with neutral acetate of whereby pini- 
cortannic acid and pinicon-etin are precipitated, whilf oortepinitannic 
acid and sugar remain in solution. The washed lead-precipitate, 
digested with very dilute acetic acid, separates into pmcortamxia acid^ 
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which dissolves (and may he obtained from the solution ^ by precipi- 
tating with basic acetate of lead, decomposing the precipitate with 
sulphuretted hydrogen, and evaporating the filtrate out of contact with 
the air), and a dark-coloured glutinous residue, which dissolves in 
strong alcohol. On treating the solution with sulphuretted hydrogen, 
filtering from the sulphide of lead, and evaporating the filtrate, pfnicorrfi- 
tin remains behind., and may be purified by dissolving it in alcohol, 
removing the undissolved portion, and evaporating. 

The solution containing cortepinitannic acid and sugar is freed from the former by 
precipitation with subacetate of lead, which throws down cortepinitannate of lead, then 
filtered, freed from lead by sulphuretted hydrogen, and evaporated over the water-bath ; 
sugar then remains and may be purified from a small quantity of pinipicrin by treatment 
with anhydrous ether-alcohol. 

Properties. Black-brown, glutinous mass, almost wholly soluble 
in ammonia. The ammoniacal solution mixed with chloride of barium 
yields red-brown flocks of pinicorretin-'haTyta^ which may he dried in 
vacuo. 

Pinicorreiin ^baryta. Kawalier. 

72 C 432 .... 47*20 47*45 

57 H 57 .... 6*23 6*45 

15 0 120 .... 13*12 13*18 

4 BaO 306 .... 33*45 39*02 

C72H370ih4Ba0 915 .... 100*00 107*00 

= 3C^‘*H^^O^, therefore isomeric with kinovous acid. (Kawalier.) 

2. Kawalier’s Resin from Finns sylvestris. — (Kawalier, Wmi. Alcad. 
Ber. 11, 347.) — In the needles of Pmm sylvestris (see page 33). 
The compound of resin and lime precipitated by chloride of calcium in 
the preparation of kinovous acid, dissolves almost completely in ether. 
The ethereal solution is separated from the residue by filtration, and 
evaporated ; the residue is treated with alcohol of 40°, which dissolves 
the whole, excepting the lime and a small portion of tlie resiii ; the 
solution is again evaporated ; and the residue is exhausted witli water 
containing hydrochloric acid, whereupon cliloride of calcium passes 
into solution, while a brownish yellow resin a remains behind, whic*h, 
after washing and drying at 100°, has the consistence of castor oil, 
and after cooling is brown and of the consistence of salve. If the 
resin oc be mixed with a sufficient quantity of hydrate of lime, to make 
it appear pulverulent, then distilled, and the distillate collected in two 
portions, two oils are obtained, which, after rectification with, water, 
drying over chloride of calcium and rectifyingyxsr sc, constitute the oils 
h and c. These oils twice distilled over anhydrous phosphoric acid, 
yield the hydrocarbon d. 

Resin a. Kaw, Oil b. Kaw. Oil c. Kaw. 

50 C .... 77*30 .... 77*44 30 C.... 84*9 .... 84*92 50 C .... 86*2 85*92 

40 H .... 10*30 .... 10*63 24 H,... 11*3 .... 11*62 40 H.... 1P5 .... 11-43 

6 0.... 12*40.... 11*93 1 0... 3*8.... 3*46 1 0.„. 2-3.,.. 2*65 

C50H4no6 i00*0O .... 100*00 100*0 .. 100*00 C’OH'ioO 100*0 .... 100*00 

Hydrocarbon d. Kaw. 

* 20 C 88*24 88-14 

16 H 11*76 11-85 


Q2(tHIS 


100-00 


99-99 
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jResin cc is perhaps a mixture of and ^ ; the oils h 

and 6', mixtures of oxygenated ana non-oxygenated oil, the former of 
which is decomposed by distillation over phosphoric anhydride. 
(Kawalier.) 

If resin cl in the fused state bo dropped upon soda-lime heated to 
220°, a thick colourless oil passes over, which, after dehydration over 
chloride of calcium, has the composition of oil e. The residue dissolves 
partially when suspended in water ; and if the filtrate be precipitated 
by hydrochloric acid, the precipitate dissolved in potash-ley, the solution 
treated with animal charcoal, and again precipitated witli hydrochloric 
acid, rcshi f is precipitated as an ash-grey powder, which softens at 
100°, and dissolves in alcohol and in alkaline liquids. The undissolved 
portion decomposed by dilute hydrochloric acid, deposits a resin nearly 
insoluble in potash, sparingly soluble in alcohol, easily in ether ; and 
the ethereal solution treated with animal charcoal, filtered and 
evaporated, yields resin which is light-yellow, brittle, and softens 
at 100°. 


Oil e. 

Kaw. 

Resin f. 

Kaw. 

Resin g. 

Kaw. 

100 C .... 81*1 ., 

.. 81-25 

50 C ... 

. 72-82 ... 

. 72-62 

10 C.... 

78*95 .. 

.. 79-09 

84 H.... 11*4 ., 

.. 11-75 

40 H .... 

, 9-71 .. 

9-82 

8 H 

10*52 .. 

.. 10-90 

7 0 .... 7*5 .. 

.. 7-00 

9 0 .... 

. 17*47 ... 

. 17-56 

0 

10-53 .. 

.. 10-01 

100-0 .. 

.. 100-00 

C50H40O9 100-00 .. 

.. 100-00 

WTO 100-00 .. 

.. 100-00 


Hence the original rosin splits up into products comparatively rich 
and comparatively poor in oxygen. Oil e is perhaps a mixture of 
and 2H0. (Kawalier.) 

3. Beta’-thuja resin, (Kawalier, Wien. Ahad, Ber. 13’524.) 

The two resins found by Kawalier in the green parts of Thuja occidmtalis 

distinguished as Alpha- and Beta-thuja resin Obtained in the preparation of 

kinovous acid as described at page 33, and purified by solution in ether. 
Transparent resin, yielding a lemon-yellow powder. 

Kawalier. 

40 C 240 .... 68-37 68 39 

23 H 23 .... 6-55 678 

11 0 88 .... 25-08 24-83 

C'‘«H230“ 351 .... 100-00 100*00 

The precipitate which is thrown down by chloride of calcium in the 
preparation of kinovous acid, and contains the alpha rosin, dissolves 
for the most part in ether, and remains behind when the ether is 
evaporated ; it is still however a mixture of lime and several resins, 
which are but partially separated even by alcohol. (Kawalier.) 


Oxggen-nuclms 

Thymo'iloL 

Lalmmand. N'.Ann. Ckim. Fliys, 49, 164. 

The final product of the action of reducing agents on thymoil^(p. 3G), 
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Ooloui'less, foui'Sided, tasteless prisms which melt at 145° and 
distil without decomposition at 290°. 



In mcuo. 


Lalleruand. 

24 C 

144 .... 

74'23 .. 

73-91 

18 H 

18 .... 

9-28 .. 

9-18 

4 0 

32 .... 

16*49 .. 

10-91 



194 

100-00 .. 

100*00 


Homologous "witli liydroldnone (xi, 161), and related to thymoil in tlie same 
manner as hydrokinone to kinone. 

Converted by oacydmng ageiits^ e.g.^ by nitric acid, clilorinc-watcr, 
nitrate of silver, and bichromate of potash, first into thymeid, then 
into thymoil, 

Dissolves sparingly in toatei\ very easily in alcohol and in ethe7\ 


Thymoil. 

A. Lallema-ssI). Convpt. rend. 38, 1022 ; J. p\ Ckem. 62, 29,5 ; Pimm. 

Centr. 1854, 513 ; Beport by Dumas & Bussy, Cornet, re^id, 39, 

723 ; Compt. rmd. 43, 375 ; Fully and with corrections : N. A^in. 

Chim. PliyB. 49, 163 ; abstr. Am. Pharm. 102, 119. 

Fonnation. By the action of peroxide of manganese or chromate 
of potash and sulphuiic acid on sulphothymic acid (xiii., 419). 

P^'eparation. Thymol is dissolved in excess of oil of vitriol; the 
resulting sulphothymic acid is diluted with 5 or 6 times its bulk of 
water, and this liquid is distilled with peroxide of manganese. Water 
then passes over, together with formic acid, and an orange-coloured 
oil which soon solidifies, while in the retort there remains a solid brown 
acid which dissolves in alcohol. The solidified distillate is purified by 
washing with water, and crystallised from ether-alcohol 

Properties. . Foiir-sided laminas, having a fine orange-yellow colour 
and strong lustre, melting at 48° to a dark-coloured liquid, giving off 
copious vapours at 100°, and boiling with partial decomposition at 230°. 
Heavier than water. Has an aromatic odour like iodine and chamo- 
mile. 


Lalleraand. 

mean. 

24 C 144 .... 75-00 75-06 

16 H 16 .... 8-33 8-07 

4 O 32 .... 16-67 16-87 

192 .... lOO'OO 100-00 

Homologous with kinone (xi, 158). 

Decompositions.^ 1. Thymoil blackens quickly when exposed to Kght.^ 
and is converted into a mixture of oxythymoil, thymo'ilol, and thymoid. 
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— 2. It is partially decomposed by distillation^ leaving a brown-red 
residue, wliicli solidifies to a bronze-coloured mass having a metallic 
lustre. The distillate contains a little oxythymoil. — 3. Tliymoil mixed with 
aqueous potash rapidly absorbs oxygen from the air, and is converted 
into thyillOllato of potash. 1 at. thymuil takes 6 at. oxygen. 

+ 120 = C^8H280i«,3H0 + HO. 

4. By hydrogen in the nascent state, by sulphurous acid, ferrous sulphate, 
or stannous chloride, thymoil is converted, first into thymei'd, then into 
thymo'ilol. A similar action may likewise be exerted by the aqueous formic acid pro- 
duced in the preparation of thymoil 5. Chlorine, with aid of heat, slowly 

decomposes thymoil, forming chlorinated products. — 6. Thymoil absorbs 
ammonia gas, and is converted into thymoilamide. 

Thymoil dissolves in warm oil of vitriol and in warm concentrated 
nitric acid, and is precipitated in its original state by water. — It dis- 
solves sparingly in alcohol, very easily in ether. 


Oxythymoil. 

Q24II1606 ^ 

La-llemand. N, Ann. Chim. Plugs. 40, 167 (see page 36). 

1. Thymoil enclosed in a sealed tube, is exposed for some days to 
the sun’s rays, and the resulting black mass is washed with alcohol, 
which dissolves thymoilol and thymeid, and leaves a small quantity of 
oxythymoil undlssolved. — 2. In the dry distillation of thymoil, a 
small quantity of oxytliymoil is formed, and may he obtained in the 
separate state by dissolving out the other products with alcohol. 

Properties. Crystalline powder of a fine lemon-yeUow colour, 
melting at 190°. 


24 C 

144 . 

... 69-23 .. 

Lallemand. 
C9-25 

16 H 

16 . 

... -7-69 .. 

7-61 

6 0 

48 . 

... 23-08 .. 

23-14 



208 . 

... 100*00 .. 

100-00 


Insoluble in water and in aqueous alkalis, and not altered by the 
greater number of reagents. 

Insoluble in alcohol, very slightly soluble in ether. 


Appendix to OxythymdiL 

Thymoi'lic Acid. 

Lallemand- N. Ann. Chim. Phys. 49, 166. 

Compare page 36. 

When crystals of thymoil are shaken up with potash-ley in contact 
with the air, they dissolve with red-brown colour, forming thymoilate 
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of potash, which may be obtained pure by saturating the liquid with 
carbonic acid, evaporating, and exhausting the residue with absolute 
alcohol. — Hydrochloric acid added to the solution of tii^nnoUate of 
potash throws down thymoilic acid in diiiy yellow flocks, very sligiitly 
soluble in water. 

The thymoilates are soluble in water, excepting the lead and mbex 
salts. The former contains 43*02 p. c. oxide of lead, and is therefore 
Q48jq280i8^ 3PbO (calc. 43*07 PbO). (Lallcmand.) 


Conjugated Compound. 

Thymeid. 


Lallemani). N. Ann. Ckim. Phys. 49, 165. 

Formation and Preparation. 1. By bringing thymoil in contact with 
thymoiloL If the two bodies, dissolved in boiling alcohol or ether, be 
mixed in equal quantities, the mixture instantly assumes a blood- red 
colour, and yields crystals of thymeid by coohng or evaporation. — 
2. Thymeid is the first product formed by the action of reducing agents 
on thymoil. It is produced for example by sulphurous acid, when 
crystals of thymoil are thrown into it, and more slowly by ferrous 
sulphate and stannous chloride. — 3. Thymeid is also the fii’st product 
of the action of oxydising agents on thymoilol (p. 57). 

Properties. Crystals of a fine violet colour, exhibiting by reflected 
light a bronze-coloured metallic reflection, like the wings of beetles. 


Oxyamidogen-nucleus C^AdlP^Ol 

Thymoilamide. 

= C'^AdH'^Ol 


Lallemand, N. Ann. QUm. Phys. 49, 166. 

Thymoil in the fused state slowly absorbs ammonia-gas, and is 
converted into a dark red amorphous mass, which is hard and brittle 
at common temperatures, but softens at loo*", and may then be drawn 
into threads. It is soluble in alcohol. 


Primary Nucleus ; Oxygm-nucUm ? 

Globularetin. 

G. F. Walz. N. Jakrh. Pharm. 13, 281. 

Produced, together with paraglobularetin and sugar, when globii- 
larin is boiled with acids. 
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The resin obtained by boilmg* globularin with dilute sulphuric acid 
is washed with water and dissolved in alcohol ; the alcoholic solution 
is diluted and the residue treated with ether, which dissolves the glo- 
bularetin, leaving paragiobularetin iindissolved. 

White powder, nicitiug at the heat of the hand. 


Walz. 


mean. 


24 

C 

144 .. 

.. 69-90 .... 

.... 70-04 

14 

H 

14 .. 

.. 6-79 .... 

.... 6-88 

6 

0 

48 .. 

.. 23-31 .... 

.... 23-08 


206 ... 100-00 100*00 


Paragiobularetin. 

Q24£[1608^ 

G. F. Walz. Jalirh. Pharm. 13, 281. 

Produced, together with globularetin, by boiling globularin with 
acids, and may bo obtained by solution in alcohol and precipitation by 
water, as a coloured powder, insoluble in ether. 



Dried. 


Walz. 


24 C 

144 

.. 64-28 .. 

.. 62*95 

64-07 

16 H 

16 .. 

.. 7-14 .. 

... 7-17 

7-18 

8 0 


.. 28-58 

... 29-88 

28-75 

... 

224 .. 

.. 100*00 . 

... 300-00 

100-00 


Walz erroneously calculates the mean of his analyses at 64*3 p. c- carbon. (Kr.) 


Primai'y Nxideus 

NaphthoL 

Occurs, according to Pelletier & -Walter, in the naphtha of 
Amiano (xii. 439), and is obtained by fractionally distilling rock-oil, 
wMA has previously been repeatedly treated with cold oil of vitriol, 
and collecting the portion which passes over at 190“. Vapour- 
density ~ 5*3. The distillate obtained at 115° consists chiefly of naph- 
thene which has a vapour-density of 4*0, and contains 84-6 p. c. 
C and 14*7 H. (/. P/zarm. 26, 565.) 


Pelletier & Walter. Vol. Density. 


24 C 

22 H 

144 . 
22 . 

... 86-74 .. 
... 13*26 .. 

.. 85*54 .... 
.. 13-23 .... 

.... C-vapour 24 .... 

,... H-gas 22 .... 

9*9840 

1-5246 

.... 

166 . 

... 100-00 .. 

.. 98-77 .... 

... l^aphthol- vapour 2 .... 

1 .... 

11-5086 

5-7543 

..The sample analysed probably contained naphthene as well as naphthol, 
& Walter). 

(Pelletier 
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Oxygen-nuoleiLS O^Il^O^. 

Wormseed Oil. 

Tliis oil belongs to the 24-carl)on grou}), and should therefore have 
been treated in this place, instead of in vol. xiv. p. 31G* Vapour- 
density 6-4 6*24). Sp.gr. of the oil at 13°= 0*9201. 

(Kraut.) 


Onocerin. 

0^'lW. 


IIlasiwetz. Wien, Akad, Ber. 15, 102. 


Occurrence, In the root of Ononis s^inosa. 

Preparation. The root is boiled -with alcohol; the dark brown 
tincture freed from alcohol by distillation ; the residue evaporated to a 
syrup, and the crystals which separate after some days are collected, 
and pui’ified by pressing, washing with cold alcohol, and recrystal- 
lisation from boiling alcohol, with help of animal charcoal 


Properties. Small, hard, very light, capillary crystals, having a fine 
satiny lustre. Tasteles and inodorous. Becomes strongiy electric by 
friction. Melts when heated, and solidifies in the crystalline form. 
Neutral. 


24 C 

at 100®. 
144 ... 

. 80*00 .. 

Hlasiwetz. 

mean, 

79*84 

20 H 

20 ... 

. 11*11 .. 

11*31 

2 0 

16 .... 

8*89 .. 

8*85 

... 

180 ... 

. 100*00 .. 

100*00 


0120100, according to Hlasiwetz, but doubled here according to the system of the 
Handbook. 


Deco^nposition, Gives off an odour like that of incense when 
heated : hums with flame and leaves an easily combustible charcoal — 
It is scarcely altered by chlorine at mean temperatures, but at higher 
temperatures it is converted, with evolution of hydrochloric acid, into 
chloronocerin. 

Onocerin is insoluble in loater ; scarcely altered by ammoniay hydro- 
chloric acid^ or potash-ley. Its alcoholic solution neither reduces nitrate 
of sffoer, nor precipitates other metallic salts. 

It dissolves in oil of vitriol^ forming a yellowish solution, which is 
not altered by peroxide of manganese. 

It dissolves in boiling- alcohol, and is abundantly precipitated by 
water. 

It dissolves but sparingly in ether, easily in warm oil of turjmdm. 
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Oxygeih-nucl&m 

Parsley-camphor. 

Dehne (1778). Crell Chem, J. 1, 40. 

Bolle. Br, Arch, 29, 108. 

Blet. N, Tr. 14, 2, 134; JST. Br, Arch, 63, 267. 

Beanchet & Sell. Ann, Pharm. 6, 301 ; abstr. N. Br. Arch. 24, 208 ; 

lic])crt, 70, 163. 

Eump. Bepei't. 56, 21. 

Lowig k Weidemann. Pogg. 46, 55 ; abstr. N. Br. Arch. 24, 208 ; 
Btpert. 70, 163. 

Loose. N. Br. Arch. 63, 287. 

Stearoptene of til of Parsley, Petersilim-campher. 

Occurrence. In the herb and seed of parsley {Apium. Pefroselmm. 
L.), together with volatile oil. — May be extracted from the seed by 
alcohol. (Rump.) 

Preparation. The seed (Pabitzky, Braumchw. Anz. 1754, 1205), 
or the fresh herb (Delme), is distilled with water, and the crystals 
which separate from the distillate are collected (Bley, Martins, Repert 
39, 246), pressed between blotting paper (Bolle, Rnmp), and recrystal- 
lised from alcohol (Blan diet & Sell), — The heavier oil which passes over 
towards the end. solidifies after half a year’s standing. (Delme.) — The camphor is 
chiefly contained in the oil which distils over with the water ; but the oil which goes 
over in the early part of the distillation, likewise solidifies partially. (Rump.) — When 
oil of parsley is fractionally distilled, till the residue solidifies, that residue does not 
contain any parsley-camphor, but consists merely of resin. (Lowig & Weidmann.) 

* — The watery distillate of parsley-seed deposits, in addition to the camphor, a yellow 
powder, formed from the camphor by oxidation. (Loose.) 

Parsley seed yields 12*5 per cent. (?) of parsley.camphor (Pabitsky) ; 0‘2l per 
cent. (Rump). 

Properties. White, slender, six-sided needles. (Blanchet k Sell.) 
Prisms 2—6 inclieslong, with their terminal faces truncated (Bley), and 
having a silky lustre. (Rump.) — Heavier than water. (Bolle.) — Melting 
point 30®. (Blanchet k Sell ; Rump.) — Boils, with decomp)osition at 
abotit 300°. (Blanchet k Scdl.) — Not Bxibliraablc (Blanclict k Sell) ; 
partially (Bley). — Solidifies at 21° (Blanchet k Bell) ; at 18°, however, if it 
has been previously heated to the boiling point (Blanchet & Sell) ; at 6*8®, forming 
a white, pearly mass. (Loose.) Makes spots on paper, which arc difiicult 
to remove. (Loose.) Has a faint odour of parsley, and a biiiming 
camphorous taste, with irritating after-taste. Neutral. 

Blanchet & Sell. 
mean. 

144 .... 64*86 64*62 

14 .... 6*30 6*39 

64 .... 28*84 28*99 


24 C. 
14 H. 
8 0 . 




222 100*00 


100*00 
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Becompositions, 1. When heated, it melts, turns brown, gives off irri- 
tating vapours, and volatilises, depositing on the glass tube drops of 
licpiicl, which solidify in the crystalline form. (Bley, vid, mp.) — 
2. When set on Jive, it burns with a slig’htly smoky, feebly luminous 
flame. (Loose.) — 3. Detonates sharply with 4. Triturated 

with iodme and then warmed, it yields a brown viscid mass soluble in 
alcohol. (Bolle.) — 5. With strong nitric add, it bocouKiS heated, gives 
off nitrous acid and forms a yellowish solution (Bolle), containing oxalic 
acid (Rump) ; not containing oxalic acid. (Martins.) The solution mixed 
with water deposits a yellow resinous powder. (Bolle.) The solution of the camphor 
in fuming nitric acid, the formation of which is attended with effervescence, is not pre- 
cipitated by water or aqeous ammonia. (Bley.) — 6. Parsley-camphor is not 
altered by cold oil of vitriol, but hot oil of vitriol colours it dark red, and 
at higher temperatures brown. (Bley.) 

ComUnations. With Oxygen? — Parsley-camphor appears to bo 
converted, by absorption of oxygen, into a yellow body, which is 
deposited, together with the camphor itself, in old parsley- water. 
(Loose.) — This yellow body is pulverulent, and nearly tasteless, but 
leaves a slightly bitter after-taste. When heated, it melts, gives off 
choking vapours, loses its yellow colour, which, however, may 
be restored by rubbing, breathing upon, or moistening the solidified 
mass ; at a stronger heat, it sublimes, and, when set on fire, burns 
with flame, leaving a residue of charcoal. Strong nitric acid colours 
it yellow and then dissolves it, with evolution of nitrous acid ; fuming 
nitric acid chars it. It dissolves in acetic acid, also in cold alcohol, 
and more freely in warm alcohol, but less so than parsley-camphor ; 
the solution is rendered tui'bid by water. The yellow substance dis- 
solves in ether. (Loose.) 

Parsley-camphor dissolves slightly in cold water (Bolle, Rump); 
more easily in hot water, slightly in hydrochloric acid, aqiieous potash and 
ammonia* (Bley.) it is not soluble in aqueous potash, (Bolle, Loose). 

It dissolves readily in absolute alcohol, less in alcohol of sp. gr. 
0*87. (Bolle.) This solution yields a ciystallino precipitate with 
water (Mey), and a yellow powder by spontaneous evaporation. 

It dissolves in ether, and in oils, both fixed and volatile. (Bolle,. 
Loose.) 


Oxychlonne-nucleus 

Cliloronocerin, 

Hlasiwetz. Wien. Alcad. Ber. 15, 163. 

Ohloiine gas is passed over onocerin heated by the water-bath, and 
the mass, which becomes somewhat brown, fusible and amorphous, is 
pulverised, and again exposed to the action of the chlorine, which’ is 
ultimately supported by heating the resin in a salt-bath, as long as 
hycLochloric acid continues to form. The resulting resinous mass is 
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purified Iby repeated Bolutioii in ether, till it is left by the evaporation 
of the ctlicr in the form of a white powder. 

Ghloronoceriu melts on platinum, and hums with an odour of rcBin 
and hydrocliI().]*ic acid. — In warm nitric acid^ it melts and oxidises. — 
It is turned brownish by oil of vitriol^ and afterwards not further altered 
hy i)eroxidc o f manganese. It is insoluble in water ^ ammonia^ potash4ey or 
alcohol; very easily in ethet\ 



at lOO'’. 


Hlasiwetz. 

24 C 

144 ... 

. 57*8 . 

57*4 

2 Cl 

71 ... 

. 28-4 . 

27*5 

18 H 

18 ... 

. 7-2 . 

7*1 

20 

16 .... 

6'6' . 

8*0 


C-WffW 249 .... lOO-O 100-0 


Pyimary Nucleus C^^II^. 

Lethal. 

QU112CQ2 „ O’^'IPSE'^0''. 

Heintz. Pogg. 93, 519 ; abstr. Ann,Pharm, 92, 299 ; Peri Ahad. Ber, 
1854, 562; J.p\ (Jhem. 68, 3G4; Pharm, Centr, 1854, 907. — J, pr, 
Chem, 66, 19. 

Not obtained in the pure state. — In the saponification of commercial 
spermaceti, salts of stearic, palmitic, myristic, and lauric acids are 
obtained, together with crude cthal. When the latter is recxystallised 
from alcohol, pure ethal crystallises out, whilst the homologous 

compounds, stethal methal and lethal 

remain, in smaller quantity, in the mother-liquors, inasmuch as the 
alcohols obtained from these mother-liquors (after removal of the admixed 
fatty acids by repeated treatment with alcoholic potash and addition of water) yield, 
when heated to 275"— 280'" with potash-lime as long as hydrogen 
continues to escape, stearic, palmitic, myristic and lauric acids. 
(Heintz.) Compare also Scharling {Ann. Pharm. 96, 236) & Heintz's reply {Ann, 
Pharm. 97, 271). 


Lauric Aldehyde. 

Exists, according to G-r. Williams, in the portion of volatile oil of 
rue which distils at 282° (see xiv. 489.)* 


Lauric Acid. 

Mausson (1842). Am. Pharm. 41, 88. 
Sthajdek. Am. Pharm. 
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Gorgey. Ami. Pharm. 66, 303; Phann Ccntr. 1849, 8; N. Am. CMm. 

Pliys. 25, 102, 

Heintz. Pogg. 92, 429 & 583; Bert Ahad. Ber. 3854, 207: Ana. 

Pharm. 92, 291; pr. Clieni. 62, 349 k 482; 6?3, 162; N. Phil 

Mag. J. 9, 74; N. J. Pharm. 26, 313. — Pogg. 03, 5.19; BerL Akad. 

Ber. 1854, 562; J. pr. Chem. 63, 364 ; Lieb. Popp. Jahresher. 1(S54, 

456 & 460. — Oollectiou of IIeintz's Rcsearclios on the Fatw : 

J. jjT. Chem. GO, 1. 

A. C. Oedemaits, Jen. J. pr. Chem. 81, 356 k 357. 

Laurosteark acid (Marsson). PicJmrimtalgsaure (Stliamer). Pekurimmure. 

Sources. In the fat of the bay-tree (Marsson) ; in the fat of pichn- 
lim beans (Sthamer) ; also in the volatile oil of these beans. (Al Miil- 
ler, J. gyr. Chem. 58, 469.) In small quantity, togetlicr with many other 
acids, in spermaceti (Heintz), in croton oil (Schlippe, Ann. Pharm. 105, 
14), ill the fruit of Cylicodaphne sebifera. (Gorkom, Bydschrift f. Neerl. 
Indie. 81,410.) — In the fruit of Mangifera Gabonensis, the so-called 
D&a bread, together with myristic acid, but unaccompanied by any 
other acids. (Oudemaus.) In the Age or Axin of the Mexicans, a 
salve-like fat obtained from Coccus Axin. (Hcppe, /. pr. Chem. 80, 102.) 

In cocoa-nut oil. (Gorgey, Oudemaus.) This oil contains, according to 
Brandes (iV. Br. Arch. 65, 115), a solid tatty acid, melting between 25® and 27“ = 
cocinic acid, or, according to Pelouze & Boudet, elaidic acid. Bromeis {Ann. Pharm. 
35, 277) designated the acid melting at 35®, obtained by repeatedly crystallising the 
fatly acids of cocoa-nut oil, as cocosteanc acid, and assigned to it the formula 
which Heintz (who thought that he had previously [^Pogy. 87, 21, and 267] found this 
acid in spermaceti), by calculating from the new atomic weight of carbon, altered to- 
The latter acid Heintz designates as cocmic acid. St. Evre’s cocinic acid 
{JN, Ann. Chim. Phys. 20, 91), likewise from cocoa-nut oil, is prepared as follows 
The oil is saponified ; the acids separated, pressed, crystallised from alcohol, dissolved in 
s6da-iey, and precipitated with acetate of lead; the precipitate exhausted with ether ; 
and the residue decomposed by tartaric acid. According to St. Evre, it is composed of 
and melts at 34*7°. But according to the investigations of Gorgey and Oude- 
manns, which agree with each other, cocoa-nut oil does not contain any acid po.‘Sessing 
the properties assigned by Brandes, Bromeis, or St, Evre to cocinic acid ; the oil appears 
rather to contain small quantities of palmitic and myristic acids, together with large 
quantities of lauric, capric, caprylic, and caproic acids, the last two liaving been pre- 
viously found in it by Fehling. Respecting the former results, see Oudemaus (J. pr.. 
Chem. 81, 367.) 

Formation. By beating etbal with potash-lime to 275® — > 280°> 
(Heintz, Scharling.) According to Heintz, it is produced only from mixed (crude) 
ethal, inasmuch as this substance contains lethal (p. 43). 

C«H»OS + KO,HO = + H‘(Hemt2); 


hut, according to Scharling, it is obtained from the ethal itself which, accord- 

ing to him, is decomposed by heating with potash-lime, in such a manner as to yield 
stearic, palmitic, myristic, lauric and butyric acids. (Scharling, Ann. Pharm. 96, 236 ; 
Heintz, Ann. Pharm. 97, 271) 

Preparation. 1. From Bay-fat. Lanrostearin from 01. laurin 
unguinos. Is saponified with potash-ley, the soap is separated by 
common salt, and its hot aqneons solution is decomposed with tartaric 
acid. The lauric acid then rises to the surface in the form of an oil 
which solidifies on cooling, and is freed from adheriiig tartaric acid by 
repeated fusion with water. (Marsson.) 
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2. Fi'om Piclmrim hems. Laurostearin from Fahce. pichurim maj. is 
saponified with potash-ley till a clear soap-jelly is formed ; common , 
salt is added, and the white, brittle soda-soap thus produced is 
dissolved in boiling* water, and supersaturated at the boiliTig heat 
with hydrochloric acid ; lauric acid then rises to the surface as 
a colourless oil, which on cooling solidifies to a white crystalline mass. 
It is freed from hydrochloric acid by repeated washing with water 
and purified by repeated crystallisation from weak alcohol. (Sthamer.) 

3. From Cocoa-nut oil. The oil is saponified with weak potash-ley ; 
the soap decomposed by dilute sulphuric acid, and the mixture 
distilled as long as fatty acids pass over, the water being repeatedly 
poured back. The distillate neutralised with potash solidifies on 
evaporation to a gelatinous soap, winch is separated by common salt, 
repeatedly dissolved in potasli, and again separated with salt, to free it 
from the fatty acids which can be thus removed, and again decomposed 
with dilute sulphuric acid. It is then neutralised with ammonia ; the 
solution precipitated by cldoride of barium ; the liquid strained off ; and 
the baryta-salts which remain repeatedly boiled with water. The 
resulting solutions, as they run from the funnel, immediately deposit 
loose flocks of laurate of baryta, and the liquid, as it cools down, 
becomes turbid and deposits pulverulent caprate of baryta. (Gorgey ; 

comp, also Prep, 5.) 

4. From Spermaceti. The saponification of tlxis substance yields, besides 
etlial, considerable quantities of stearic, palmitic, and myristic acids, and smaller 
quantities of lauric acid — Tile solution of 10 Ibs. of pnriliod spermaceti in 
80 lbs. alcohol is boiled for some time with 4-|- lbs. caustic potash 
previously dissolved in alcohol ; the solution precipitated with aqueous 
chloride of barium, and strained while hot; the still warm residue 
pressed as strongly as possible in a warmed press; then well moist- 
ened with alcohol and again pressed ; the alcohol distilled off from the 
solutions ; the residue freed from the whole of the soluble matter by 
repeated treatment with ether; and the portion insoluble in ether 
added to the baryta-salts previously obtained. In tins manner are 
obtained, on the one hand, crude ethal, on the other, the baryta- salts 
of the fatty acids of spermaceti. 

The baryta-salts suspended in water are boiled with very dilute 
hydrochloric acid, till the supernatant oily layer appears perfectly 
clear; the fatty acids thus obtained are dissolved in alcobol; the so- 
hition is left to cool; and the crystals which separate are pressed, first 
alone, then several times after being moistened with alcohol, whereby 
a mixture of palmitic and stearic acids is obtained, while a portion of 
these two acids and the whole of the myristic and lauric acids 
remain in solution. 

The whole of the mixed alcoholic solutions are licated ; a concen- 
trated aqueous solutioii of acetate of magnesia is added, so as to 
precipitate about of the quantity of fatty acids present ; the pre- 
cipitate which forms on cooling is separated by filtration ; acetate of 
magmesia is added to the filtrate in about the same quantity as before ; 
and the same treatment is repeated (the liberated acetic acid being 
neutralised towards the end with ammonia), till acetate of magnesia 
no longer forms any precipitate, even in presence of excess of ammoilia. 
Ill this manner a number of magnesia-salts (19) are obtained, from 
which stearic, palmitic and myristic acids may be separated, by pro- 
cesses to be hereafter described in connection with these acids. 
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The alcoholic solution, from which everything prccipi table by 
acetate of magnesia in presence of excess of mnmonia has been thus 
removed, still retains laiiric acid together with inyristic and oleic acids. 
It is precipitated with acetate of lead; the precipitate is wasluxl witli 
dilute alcohol, dried, and freed from a small quantity of oleate of huicl, by 
treatment with ether; and the midissolvcd portion is decomposed by 
prolonged and repeated boiling with very dilute hydrochloric athl, 
whereby a mixture of acids melting at 39 *7“ is separated. By repeatedly 
crystallising this mixtm’c from alcohol, as long as the sciparated acid 
exhibits a rise of melting point, lauric acid is ultimaticly obtaiiuid, 
melting at 43-6°, and not capable of further decomposition, by partial 
precipitation with acetate of baryta, while myristic acid remains in 
solution. (ITeintz.) 

5. From spermaceti or other fats containing lauric acid, provided they are free 
from oleic acid, or this acid has been removed by the process to be described below. — 

The fat is saponified with (alcoholic) potash ; the fatty acids are sepa- 
rated from the ethal or the glycerin, as above described, and dissolved 
in 10 pts. of hot alcohol; tlie solution is left to cool slowly in a collar; 
and the fatty acids which crystallise out arc separated by filtration 
and pressure. The mother-liquor is diluted with an equal quantity of 
boiling alcohol and supersatm*ated with ammonia ; acetate of magnesia 
is added in excess to remove a certain portion of the fatty acids ; thci 
alcohol distilled off from the filtrate; the remaining salts decomposed 
by boiling with dilute hydrochloric acid; the separated acids re- 
dissolved in a quantity of hot alcohol sufficient to retain thorn in 
solution after- cooling; and a concentrated solution of acetate of 
baryta, equal to about of the weight of the fatty acids, is repeatedly 
added, as long as a precipitate is thereby formed on cooling. The 
precipitates last obtained, which contain chiefly lauric acid, are sepa- 
rately decomposed by boiling dilute hydrochloric acid, and each portion 
of acid thereby liberated, whose molting point lies above 43 *6®, is se- 
parately and repeatedly crystallised from diluted alcohol till itwS melting 
point has risen to 43-6°. (Heintz.) 

If the fat contains oleic acid, it is saponified, the fatty acid is sepa- 
rated and mixed with a small quantity of hot alcohol, and the solid 
portions are removed by submitting the cooled mass to pressure. 
The mother-liquor (together with the alcohol used for wasiung'’ the 
separated acids) is precipitated with ammonia and neutral acetate of 
lead; the‘ washed and dried lead-salts are completely freed from 
oleate of lead by means of ether; the undissolved portion is decom- 
posed by boiling hydrochloric acid ; and the separated fatty acids arc 
treated as_ above. (Heintz.) In this manner pure lauric acid is 
easily obtained from cocoa-nut oil (which, according to Oudomans, docs 
not contain oleic acid). If the acids dissolved in alcohol be precipitated 
in small portions with acetate of baryta, the first portions contain 
palmitic and myristic acids, and from the remaining liquid, lauric 
acid may be obtained by repeated fractional precipitation or by crys- 
tallisation in the cold. (Oudemans.) 

FroperUes. ^ Lauric acid solidifies after fusion to a scaly crystalline 
mss, exhibiting a laminated texture on the fractured surface. 
(Hemtz.) Brittle. (Sthamer.) , Crystallises from alcohol (only from 
weak alcohol according to Sthamer, from strong alcohol not till 
cooled to 0^: Gorgey, ITeintz) ; in white, silky needles, nnited in tufts 
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(Stliamer); in prickly glandular masses of tke size of hazel-nuts 
(Grdrgey) ; in nearly translucent scales (Heintz). It melts to a colour- 
less oil at 43-6° (lleintz), 42°— 43° (Marsson, Gorgey), 43° (Sthamer), 
45*^ (Miiller), 43*8° (Sclilippe), 43*5° (Oudcmans). — The alcoholic 
solution has a slight acid reaction. Sp. gr. 0*883 at 20°. (Gorgey.) 
When boiled witli water, it volatilises with the vapour. (Gorgey, 
Oudemans.) 


Marsson. Sthamer. Gorgey. Heintz. Oudemans. 

mean, at 120® 

a. h. 


24 

C 

,.144 

72*00... 

72*09... 

72*06.. 

.. 71-88.. 

.. 71*92.. 

.. 72-01. 

... 72-00 

24 

H 

,. 24.. 

.. 12*00... 

12-04.., 

.. 11*93.. 

.. 11-95.. 

.. 12-08.. 

.. 12*18. 

... 12*17 

4 

0 

.. 32.. 

.. 16*00... 

.. 15*87.. 

.. 16*01 .. 

.. 16-17.. 

.. 16-00.. 

.. 15*81. 

... 15*83 

C24H2404.. 

..200.. 

.. 100*00 .. 

.. 100*00 .. 

.. 100-00 .. 

.. 100-00 .. 

.. 100-00 .. 

.. 100-00. 

... 100-00 


Marsson analysed lauric add from the fat of the bay-tree; Sthamer, that from 
pichurim beans ; Gorgey, that from cocoa-nut oil; Heintz, that from spermaceti; Oude- 
mans, a. that from Dika bread ; h. that from cocoa-nut oil. On the formula, see also 
Pohl {Wien. Ahad. Ber. 10, 485.) 

Isomeric with hordeic acid. 

By the distillation of its lime-salt, lauric acid is resolved into lau- 
rostearone and carbonate of lime. (Overbeck.) 

2C2^H2>0'‘ = + 2C02 + 2HO. 


Lauric acid is perfectly insoluble in water. (Heintz.) 

Laurate of Soda. — Lauric acid is added to a boiling concentrated 
solution of carbonate of soda, perfectly free from sulphate and chloride, 
in quantity not quite sufficient for complete saturation ; the liquid is 
evaporated over the water-bath ; the soap which remains is dissolved 
in absolute alcohol, and the filtrate is evaporated to dusty dryness. 
(Marsson, Sthamer.) — White powder, whose alcoholic solution solidi- 
fies on cooling to a white opaque jelly. (Sthamer.) The alcoholic 
solution becomes turbid when largely diluted with water. (Marsson.) 

Marsson. A. Muller. 
at 100®. at 100° 

NaO 31 .... 13*96 .... 13*86 .... 13*69 

191 .... 86*04 

C“^NaH2304 222 .... 100*00 

Laurate of Baryta. — Preparation (p. 45). Fine, light, white nacreous 
powder,’ consisting of microscopic laminse. (Heintz.) — ^ Light, thin 
nacreous laminae, presenting under the microscope the appearance of 
tables made up of slender crystalline needles, somewhat curved. (A. 
Muller.) Crystallises on cooling from a boiling saturated aqueous solu- 
tion in snow-white flakes. The saturated alcoholic solution becomes filled, 
on cooling, with delicate crystaUine spangles, which, after drying at 
100°, resemble caprate of baryta. (Gorgey.) It is wetted by alcohol and 
ether, but not by water. (Gorgey.) — Dissolves in 10,864 pts. of 
water at 17*5°, in 1982 pts. boiling water, in 1468 pts. cold and 211 pts. 
hot alcohol. (Gorgey.) Decomposes before melting. (Heintz.) 
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Gbrgey. 

Heintz. 

F. Hoppe. 

24 C 

... 144 

53*81 . 

... 53*93 . 

... 53*65 .. 

54*48 

23 H 

... 23 .... 

8-60 . 

... 8-67 . 

.. 8*60 .. 

8*61 

3 0 

... 24 .... 

8*97 

... 8*95 .. 

... 9*34 ... 

9*25 

BaO 

... 76-6 .... 

28*62 . 

... 28*45 .. 

... 28*41 ... 

27*66 

C2^H23Ba04 

... 267*6 .... 

100-00 . 

... 100*00 .. 

100*00 ... 

100-00 


Contains 28 “8 2 per cent, baryta (Al. Miiller). 

Laurate of Lime. — White precipitate^ obtained by mixing the solu- 
tions of laurate of soda and chloride of calcimn. 

Laurate of Lead. — Snow-white, loose, amorphous powder, (Ileintz.) 
Laminge, having a beautiful nacreous lustre. (Miiller.) Melts between 
110° and 120°, and soHdihes to a dull, amorphous mass. (ITeiutz.)- 
Melts below 100° to a colourless liquid, which solidilies in the crys- 
talline form on cooling. (Muller.) Insoluble in water. Tnsolublo in 
cold, sparingly soluble in boiling, alcohol. (Miiller.) 


Heintz. Miiller, 

24 C 144 .... 47‘59 .... 47*03 

23 H 23 .... 7'6'0 .... 7*59 

Pb 103-8 .... 34*24 .... 34*49 34*22 

4 0 32 .... 10*57 .... 10*89 


C24H23pb04 302*8 .... 100*00 .... 100*00 


Lmrate of Copper. — Obtained by precipitating the hot alcoholic 
solution of the soda-salt with aqueous sulphate of copper. (Oudemans.) 


24 C 

23 H 

CuO 
3 0 




Oudemans. 

144 .. 

.. 62*34 . 

62*34 

23 .. 

.. 9*95 . 

10*03 

40 .. 

.. 17*31 . 

17*24 

24 .. 

10*40 . 

10*39 


231 .... 100-00 100*00 


Laurate of Silver. — The solution of the soda-salt in weak 
alcohol is precipitated with nitrate of silver, and the bulky preci- 
pitate is collected, washed, and dried. (Marsson, Sthainer.) ' White 
powder, consisting of slender microscopic needles. (Heintz.) I)is- 
solves easily in ammonia, and crystallises from the hot concentrated 
solution in very small needles. (Marsson.) Not altered by light 
(Marsson), scarcely (Sthamer, Heintz.) Decomposes before fusion. 
(Heintz.) 





Marsson. 

Stliamer. 

Heintz. 

Oudemans. 




at 100”. 

at 100”. 



24 C 

.... 144 . 

... 46*91 

.... 47-34 . 

... 47*01 

.... 46*69 

47*60 

23 H 

.... 23 . 

... 7*49 

.... 7*58 . 

... 7*48 

.... 7*48 


Ag 

.... 108 . 

... 35*18 

.... 34*68 . 

... 35*16 

.... 35*21 

34*82 

4 0 

.... 32 . 

... 10*42 

.... 10*40 . 

... 10*35 

.... 10*62 

9*74 



... 307 .. 

... 100*00 , 

.... 100*00 . 

... 100*00 

.... 100*00 

100*00 


Laurie acid dissolves veiy easily in strong alcohol and ether. 
(Marsson k Sthamer.) 
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Hordeic Acid. 

Q2ill2iQi 


Fr. Beckmank. 7. pr. Chem. GO, 52 ; abstr. N. Ann. Chun. Ph^s. 

46, 226. 

When dried barley is heated with oil of vitriol and water, as in 
Emmet’s method of preparing formic acid (vii. 273), hordeic acid 
passes over together with ac[neons formic acid and furfurol, and sepa- 
rates from the distillate in white lamim». These are collected, 
washed, repeatedly crystallised from alcohol, and freed from water by 
fusion in an air-bath. 

Proj)&rties. White crystalline laminae, melting at 60° to a colourless 
oil, which solidides at 55°. Permanent in the air. Makes grease 
spots on paper. Acid. 


24 C 

.... 144 .. 

,.. 72*00 . 

Beckmann. 
71*31 

24 H 

.... 24 .. 

.. 12*00 . 

12*G8 

4 0 

.... 32 .. 

.. 16*00 . 

....... lG-01 

C’4H240‘1 .... 

.... 200 . 

... 100*00 . 

100*00 


So, acoording to Beckmann. "Wurlz (iV. Ann. Chim. Phys. 4(), 226), rightly regards 
the separate identity and the formula of this acid as doubtfal. — Isomeric with lauric 
acid. 

Decompositions. Burns, without residue, when heated on platinum 
foil. — Not altered by cold oil of vitriol, but carbonised by that liquid 
•when hot. Decomposed by hot, but not by cold nitric acid. 

Co 7 nhmations. Insoluble in ^vate7\ In contact with alkalis or their 
carbonates, it forms salts which dissolve in water and alcohol, forming* 
solutions which froth like soap and are precipitated by common salt. 

Ilordeate of Silver. Obtained from the ammonia- salt by precipitation 
with nitrate of silver. Contains 84'79 p. c. silver, (calc. 

= 35*18 p. c. Ag.) 


Conjugated Go^npounds of Lmric Acid. 

Laurate of Ethyl. 

= o=^H:®so®,c^rpo. 

A, Goeoet. Anil. Pharm. C6, 30G ; Phmn. Gentr. 1849, 8 ; A*. Amt. 

Chim. Phys. 25, 102; Liel). ICopp. Jahresb. 1847 — 1848, 560. 
Delees. Pf. Jahrh. Phat'in. 1, 25 ; Atm. Pharm. 92, 277 ; Pharm. 

' Gmtr. 1854, 276 ; Liel). Kopp. Jahresb. 1854, 26 and 458. 

Pichuraie of Ethyl, Laurie or Pichuric ether, Plchurimtalgsaures JEthyU^yd, 
LaurimineMer. 

VOL. XV. E 
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Separates pcartially when liydrocliloric acid g’as is passed into 
alcoholic lamic acid, completely on snhsccpicnt addition of wider, in 
the form of an oil, wlncti is washed with water contiiining' soda,, then 
with pare water, dried over clilorido of calcium, and rectiiied. 

Transparent, colourless oil, which becomes viscid in the cold, juid 
solidifies to a compact mass at — 10^^. B}). gr. ()’8r> iit ((hirgey.) 

0*8671 at lid. (J)eliTs.) Boils at wlam the barometer shunls iit 
0*75 met. (Delffs), at 2G4'', Avith partial decomposition (G<jrgt‘.y). 
Has an agreeable friiity odonr, and a sweetish niaAVkish taste. Viipoui: 
density = 8'4. (Gorgey.) 





Gdrgey. 

Delffs. 

28 C 

168 . 

... 73*68 . 

... 73*41 

73*10 

28 H 

28 . 

... 12*28 . 

... 12*42 

12*45 

4 0 

32 . 

... 14*04 . 

... 14*17 

11*45 

C;nH-^3o:5^CU-I'H , 

228 . 

... 100*00 . 

.... 100*00 

100*00 


Volume. 



Density. 

C* vapour . 



28 


11*6480 

H-gas 


28 


1*9404 

0-gas 


2 


2*2186 


Vapour of Lavrate of Ethyl 2 15'S070 

7*9035 


Lain*ic ether is insoluble in loater, sparingly soluble in alcohol^ but 
dissolves in all proportions in etliet\ (Delffs.) 


Laiirostearin. 

Marsson. Ann. Pliarm. 41, 330. 

Sthamer. Ann. Pliarm. 53, 390. 

Bollet. Ami. Pharm. lOG, 229 ; J. pr. Clmn. 74, 448. 

Pichurimfeitf Pichurimtalg vid. pp. 44, 45, 

Sources: In bay -homes (Marsson) ; in piclniriin-bcaiiB (Sthamer) ; 
in cocoa-nut oil, inasmuch as this oil when saponified yields lauric 
acid. (Gorgey, Aim. Pkarm. 06, 298.) 

Preparation 1. From Bay-lmies. The pulverised berries are 
boiled three or four times with alcohol, jjressed liot, and filtered as 
hot as possible. After 24 hours, the whole of the laurosteariii 
separates from the filtrate as a whitish, yellow, curdy mass. The 

supernatant liquid still contains a -very small quantity of laurostearin dissolved in a 
large quantity of green oil, from wliich it is difficult to separate- It is purified by 
wasliing’ -with cold alcohol, reci*ystallisation from hot alcohol and 
pressure between bibulous paper. After this treatment, it still retains 
resin Avhicli may he separated by filtering* the .fused mass. (Marsson.) 

2. From Commercial Oil of Bay. The oil is exposed to sunBliinc on 
porcelain plates coAmred with glass sliadcs, Avlicreupon the green 
colour soon disappears, and brown hard lumps of laurostearin separate 
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from tlio mass of fat molted by the sun’s heat ; these arc separated by 
filtration, dissolved in alcohol and obtained of a pure vdiite by 
evaporation or by precipitation with water. (Bolle^u) 

3. From Pichirim-heans, Faheo pichnrm m.ajor. ixvQ. exhausted with 
cold alcohol (which extracts volatile oil, pichurim-camphor, resin, a but- 
tery fat and a brown colouring’ matter) ; and the exhausted beans arc 
boiled with alcohol of 81 p. c. and jnessed between hot plates. The 
expressed liquid, as it cools, deposits pale' yellow laurosteariu, only a 
small quantity of tliat substance remaining dissolved in the alcohol. 
It is purified by washing’ with cold alcohol, pressure, and recrystallisa- 
tion from ctlier-alcohol (Sthamer.) 

Proj^erties. Snow-wiiito, loosely coherent mass, consisting’ of needles 
arranged in stellate groups. ' (Marssoii.) It crystallises from hot 
alcohol in stellate or arborescent groups of needles ; from the ethereal 
solution by spontaneous evaporation in needles grouped in tufts. 
(Sthamer.) Melts between 44° and 45®, and on cooling solidifies in a 
non-crystalline brittle, friable mass, resembling stearin. (Marsson.) 
Melts between 45° and 4G°, and solidifies at 23°. Tho solidification 
begins with the formation of small white scaly bodies with concave surfaces which 
afterwards run together. The whole then forms a white mass resembling stearin, ard 
having its surface indented with small depressions of. uneven surface. These hollov* i 
when examined with a lens, are seen to contain lieedle-shapcd crystals, arranged con- 
centrically and radiating from the lowest point. T\lO maSR i« brittle, odourleSS 
and friable. (StlmmcT.) 

Marfsson. Sthamer. 

a. 5. 

54 C 324 .... 73*97 .... 73*88 74*01 

50H 50 .... 11*41 .... 11*05 11*36 

8 0 64 .... 14*G2 .... 14-47 14*03 

438 .... 100*00 .... 100*00 100*00 

0 !. Prom bay-herriesj from pichurim-besns. 'Vi’cdtzien (S^s/. Ztismnmcmt, 
.559), gives the formula which, however, requires 71*05 per cent C., and 

11*4 H. See also Pohl {Wien. Akad. Ber. 10, 485). 

DeoomjmiUons. Laurostearin burns with a bright Barae (Stbarner). 
By (Jri/ disiUldikm it yields acrolein (Marsson, Sthamer), a Kolid fat 
crystallisable from cthci* (Marsson), but no sebacic acid (Sthamer). 
^ May be sapouifi(‘d with tolerable facility by potmh^ yielding a 
gelatinous soap. (Marsson.) It is decoin|)oged by digcBtion vnth 
hask acetate of lead, witli se]xiration of glycerin. (Sthamer.) It dissolves 
with difficulty in cold, more readily in hot alcohol, whence, it crystal- 
lises on cooling. Dissfilves rcadll;/ in ciJier. 


Laurostearone. 

C«IF’0^ = 

Overbeck. Pogg. 85, 591. 

Laurone. 

When laurate of lime is subjected, to dry distillation in small 

E 2 
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portions, lanrostoarone passes over in coloiirlcsB drops whicli solidify in 
tlic neck of the retort. As soon as brown drops appear, the di>stil- 
lation is interrupted, and tlio resulting' mass is crystallised rroin 
anhydrous alcohol, with additi<m of animal charcoal. 

Dazzling’ white scales, melting at G0°, and then solidifying in a 
crystalline "mass. Becomes strongly electric by friction. 


Overhcck. 

46 C 276 .... 81-6,5 .... 81*42 .... 81’04 

46 H 46 .... 13*61 .... 13’82 .... M*10 

2 0 16 .... 4*74 .... 4-70 .... 4-86 


338 .... 100-00 .... 100-00 .... 100-00 


Aj[)pmdix to Laurie Add. 

Bay-berry Camphor. 

(J44II30OG, 


Bonastre (1824). J. Fharm. 10, 32 ; abstr. Eqyert. 17, 190, :Di\ 
Arch 13. 195. 

Dfxpfs. /. pr. Ohm. 58, 434 ; A7ui. Fliarm. 88, 354. 

Laurint Lorleercampher . — Discovered by Bonastre in bay-berries. The nearly 
inodorous picbnrim-camphor, scarcely soluble in alcohol, which, according to Bonastre 
(/. Pharm. 11, 8), crystallises from the volatile oil of pichurim-beans, is, according to 
Gerbardt {Traits, 4, 309), perhaps bay-tree camphor. — ^Marsson {Ann. Pharm. 41,329), 
by following Bonastre’s directions, did not obtain any bay-tree camphor. DalfFs, on the 
other hand, obtained it both from fresh and from old bay-berries. 

Freparation. Shelled and pulverised bay-berrios are boiled two or 
three times with alcohol of 85 — 90 per cent, ; the solution is iiltorod at 
the boiling heat; the crystals of laurostearin, which separate from the 
filtrate after two or three hours, arc removed by a second filtration, and 
the filtrate is left to evaporate in the air. The crystals which separato 
therein, together with oil-drops, arc taken out from time to time, 
pressed between paper, to remove the gradually tliickening oil, and 
crystallised from alcohol. (Delffs.) — Bonastre exhausts bay-I>orri(m 
with absolute alcohol ; concentrates the extracts Htrongly till thc^y 
separate into an oily and an alcoholic layer, and purifies the crystals 
which separate from both, by washing and recrystallisation from 
alcohol 

Froperiies. Dazzling white right rhombic prisms, with a dome 
resting on the acute edges, and dull or rough faces. (Dolls.) Needle- 
shaped rhombic octahedrons, having the angles of the base equal to 
60° and 120°. (Bonastre.) Translucent, grates between- the tooth, 
melts when heated (Bonastre). Tasteless and inodorous (Delffs) ; 
tastes bitter and sharp (Bonastre). Neutral 

Delffs. 

44 C 264 .... 77*20 76*85 

SO H 30 .... 8*77 8-80 

6 0. 43 .... 14-03 14-26 

0^143006 342 100*00 100*00 

According to Dollfs, it is 
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Decompositions, 1. Volatilises almost completely with rosiuoiis 
odour when heated^ completely when thrown on red-hot coals. 
Eesolvcd by dry distillation into water, — a yellow ernpyrcumatic oil 
soluble in alcohol, — gases, — and a small residue of spongy charcoal. — 
2. Not decomposed by nitric acid, — 3. Oil of vitriol colours it orange- 
yellow. (Bonastre.) 

Insoluble in ivater. It imparts to boiling water a bitter taste 
(Bonastre) ; no taste (Bclffs). — The alcoholic solution of bay-berry 
camphor docs not precipitate neutral acetate of kad^ or nitrate of silver. 
(Delffs.) 

The camphor dissolves sparingly in cold alcohol,^ easily in boiling 
alcohol and in ether. (Bonastre.) 


Friinary NacUm ; Oxygen-nucleus^ 

Sapogeuin. 

_ C^IP0®,0^? 


Fbemy. (1835.) Ann. CUm. Phjs. 58, 102; Ann. Pharm, Ih, 187; 

J. pr. Chem. 3, 393 ; abstr. J, Pharm. 20, 243. 

Quevenne. j. Pharm, 23, 272. 

Rochledee & SciiwAiiz. Wien, Acad. Be )\ 11, 338. 

A. OvEEBECK. N. Br. Arch. 77, 134. 

Bolley. Ann. Pharm. 00, 211, and 91, 117. 

Fi*emy, in 1835, obtained liis escuUo acid by the decomposition of saponin from 
horse-chestnuts and from Saponaria. Quevenne regarded ih^Acide polygalique modifie 
obtained by the decomposition of senegin from Folygala, as allied to Fremy’s acid, 
without, however, demonstrating the identity of the two. Both these bodies, together 
with Overheek’s Saporetin^ are regarded as Identical by Bolley, who unites them under 
the name Sapogenin. — Rochleder Sc Schwarz regard sapogenin from Saponaria as iden- 
tical with quinovin ; but this view is rendered improbable by the more recent investiga- 
tions of Hlasiwetz [Ann. FUarm. Ill, 182). — We, here, with Bolley, regard the sapo- 
genin _ resulting from decomposition as identical with the bodies obtained by Fremy and 
Quevenne ; but we dissent from Bolley’s view in regarding saponin as different from 
senegin, Acide polygalique. — ^The product which Fremy obtained by the second mode of 
preparation (p. 54) is perhaps different from sapogenin, and this may account for the 
difference between his statements and those of otlvers. This view is supported by 
V. Fayr’^s statement respecting the behaviour of saponin to hydrate of potash. (Kr.) 

Formation. By treating ^saponin from horse-chestnuts or from 
Baponarin (Froniy), or senegin from Polygala (Quevenne), with dilute 
mineral acids. Grape-sugar is produced at tlie same time. (Rochleder 
& Schwarz ; Overbeck.) Sapogenin is also produced from the saponin 
of horse-chestnuts by the action of potash- ley or of the electric current ; 
but not from the saponin of Saponaria. (Fremy.) 

Preparation. 1. An aqueous solution of saponin from horse-chest- 
nuts is left in contact with cold hydrochloric acid for a long time, or 
with the boiling acid for a shorter time, and the precipitated sapogenin is 
washed with water. (Fremy.) Quevenne dissolves the sapogenin 
thus obtained in boiling alcohol of 40°, and evaporates the solution or 
precipitates it with water. Rochleder & Schwarz decompose saponin 
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by boiling with aqueous hydroohlorio or sulplmric acid, dissolve the 
flocks in boiling acetic acud and mix the filtrate with cold water. 
Overbcck puriiios tlie product by rc|)oatcdly digesting tlui alcoliolic 
solution witli animal charcoal, and leaves the lilf.rate to evaporate. 
Saponin may likewise 1)0 obtaijiod from ilic decoction of ^Vj/nv/a with 
previous preparation of sonegin. (Holley.) 

2. Saponin from liorsc-chestmits is treated wdidi warm, pota.sb, 
whereupon sapogenin and a yellow colotiring ]natt('r {idhering to thcj 
saponin unite with the ixjtasii. By treatiiig the prodiujt Avith W(\ak 
alcohol, the latter compoimd may bo separated, and th(‘, com]">ouud of 
sapogenin and potash obtained in crystals ])y leaving the sohitiou to 
evaporate. This compound may be decomposed by precipitating its 
aqueous solution Avith acids. (Frcmy.) By this process, pure sa,po- 
geniu may bo obtained from saponin of horso-chestmits more readily 
than by 1. (Fremy.) Sec also, under >S'£?pom?i,Rochlccler & Schwarz's state- 
ments respecting its behaviour to potash. 

Properties. Remains after the CAnqmratiou of its alcoliolic solution 
in yelloAvisli Avhite, friable, Irregular, amorplKiiis luiiqis. ((iueveune.) 
floriiy lamiiim which may be rubbed to a Avliito powder. (Overbcck.) 
According to Eremy sapogenin cither from horse-chestnuts or from Saponaria may bcj 
crystallised from alcohol. Tasteless (Fremy) ; the taste is but faint at 
first, but afterwards veiy bitter. (Queveime.) The alcoholic solution 
reddens litmus. (Quevenne.) 

Calculation according to 



Fremy. 



Rochleder & Schwarz. 



52 C 

312 . 

... 56*73 .. 

12 C..„ 

a. 

.. 72 .... 63*16 

.... CO C 

b. 

... 3(50 . 

... 67*41 

46 H 


... 8*36 .. 

.. 10 H 

.. 10 .... 8*77 

.... 46 H 

.. 46. 

8*01, 

24 0 ... 

192 . 

... 34*91 .. 

.. 4 0 

.. 32 .... 28*07 

.... 16 0 

.. 128 . 

... 23*98 

C52H460= 

‘L... 550 . 

...100*00 .. 


.. 114 ....100*00 

.... .. 

..534. 

...100*00 


Overbeck. Bolley. 



18 C 

14 H 

6* 0 

...... 108 

14 

48 

.... 63*53 
.... 8*23 

.... 28*24 

18 H 18 

10 0 80 

.... .59*51 
.... 7*43 

.... 33*06 



170 

.... 100*00 

.... 242 

.... 100*00 


Fremy. 

Rochleder & Schwarz. Overbeck. 

Bolley. 


a. 

5. 

a. 

b. at 100°. 

a. b. 

moan. 

C 

.... 56*79 ... 

„ 56*43 . 

... 63*35 . 

... 67*04 .... 63*30 .... 

59*20 ... 

. 60*03 

H 

.... 8*35 ... 

.. 8-64 . 

.... 8*57 . 

... 8*88 .... 8*76 .... 

7*70 ... 

,, 7*60 

0, 

.... 34*86 ... 

.. 34'93 . 

... 28*08 . 

... 24*08 .... 27*94 .... 

33*10 

.. 32*37 


100*00 .. 

.. 100*00 

.... 100*00 

.... 100*00 .... 100*00 .... ; 

100*00 

100*00 


a. From horse-chestnuts ^ 1. from Sapomria (Fremy). — a. dried for several hours 
between 120° and 125°; h. for twenty ffour hours at 100°; both products from 8apo- 
naria. (Rochleder & Schwarz), — Bolley analysed sapogenin, a. from Senega^ b, from 
Saponaria, — ^The great discrepancies between the analyses arise from the partial altera- 
tion of sapogenin in drying. It should therefore be dried in a stream of cax'bonic acid. 
(Rochleder, Wien. Akad. Ber. 16, 1). 

Decompostfions. 1. In (vid. sup.). •— -2. When teefHt docs not 
melt till it begins to decompose ; it does not yield any peculiar products 
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by dry distillation. (Fremy.) — 3. In contact with oil of vitriol it turns 
violet, and imparts a faint violet tint to the oil of vitriol itself. (Qiie- 
venne.) It dissolves in oil of vitriol with red~hrown colour ; in less 
concentrated sulphuric acid with red colour, (itoclilcdcr & Schwarz.) 

— 4. With nitric add, it forms a brown resin and red vapours. (Fremy.) 

— 5. It appears to be somewhat altered by prolonged boiling with 
dilute acids. (Bolley.) 

Comlinations, Sapogenin is nearly insoluble in boiling ivater, 
(Fremy.) When left in contact with water for a considerable time, it 
does not swell up, but dissolves slightly, so that the solution precipi- 
tates metallic salts. (Quevcime.) 

It unites with bases, without losing water. The resulting com- 
pounds, Fremy’s esculates, are decomposed by carbonic acid. 

The compounds with Ammonia, Potash, and Soda arc soluble in 
water, and solidify to a jelly when their aepcous solutions are evapo- 
rated, but separate from a mixture of 1 pt. water and 2 pts. alcohol 
in beautiful pearly laminae. They contain 1 at. base to 2 at. sapo- 
genin. (Fremy.) Alcoholic sapogenin neutralized with potash-ley 
leaves, when evaporated, an amorphous, white, very bitter mass, not 
containing ■ any crystals. (Quevenne.) Sapogenin forms wdth the 
alkalis very bitter compounds, which are soluble in wmicr. (Rochleder 
& Schwarz.) Gelatinous sapogenin dissolves readily in aqueous 
alkalis, but after drying it dissolves but imperfectly even when boiled 
ill the liquid. (Ovcrbcck.) 

With Baryta, Sirontia, and Lime, sapogenin forms compounds inso- 
luble in water and in alcohol of 40°, but soluble in dilute alcohol. 
(Fremy.) Alcoholic sapogenin precipitates baryta- and lime- salts, but 
not JiydrocMo7'ate of magnesicL (Quevenne.) Bolley’s sapog’enin like- 
wise precipitates baryta-salts. 

With Lead-oxide or Cnpdc oxide sapogenin forms compounds inso- 
luble in water. (Fremy.) Alcoholic sapogenin precipitates sulphate of 
copper, neutral and basic acetate of lead, ferrous and ferric sulphates, nitrate 
of siluer and hiehloride of platimm. (Quevenne.) Sapogenin pre- 
pared from Baponaria or from Senega, precipitates neutral acetate of 
lead but slightly ; basic acetate of lead, ferric salts, silver salts, and 
mercuric salts more copiously. (Bolley.) Ovcrbeck’s sapogenin docs not 
precipitate an alcoholic solution of neutral acetate of lead. 

Sapogenin dissolves very readily in alcohol, hut is in soluble in 
ether. (Fremy.) From aqueous tannic acid it throws down a small 
precipitate. (Quevenne.) 


Primary Nucleus Oxygen-nucleus 

Picrolichenin. 

Ajmb. (1832.) Ann, Pharm, 1, 61. 

Greg-ouy. J. Ph'arm. 21, 314. 

A. VoctEL, jun., & WuTii. Ah JaJirb, Plmvm. 8, 201 ; A. Br, Arch. 95, 
67; J.pr. Ohem. 72, 272. 
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Occu7rence. In Vcwwlafia ainam. 

P'l'eparation. The lichen is distilled with rectified spirit (if it remains 
in contact witli tEe liquid for too long a time, it undergoes alteration, and a brown 
mass is obtained, Vogel & Wntli) i the extract is cvaporatcd to a syriipj an<l 
left at rest ; and the crystals, which separate after fourteen days, art', 
purified by washing with weak potash-ley, and repeated crystallisa- 
tion from alcohol. (Alms.) A ponnd of the lichen yields half an 
ounce of piorohchcniii. 

Prope^^ties. Colourless, transparent, highly lustrous, rhombic octa- 
hedrons. Melts a little above the melting point of sulphur, and 
solidifies to a transparent brittle mass on cooling. Not volatile 
without decomposition. Sp. gr. 1T76. Inodorous, hut has a strongly 
bitter taste. The solutions redden litmus. 

Vogel & Wuth, 
mean. 

24 C 144 .... 55’38 55*85 

20 H 20 .... 7-69 7*78 

12 0 96 .... 36*93 36*37 

260 .... 100*00 100*00 

According to Vogel & "Wnth it is perhaps isomeiic with senegin. 

Decompositions. 1. Picrolichenin heated considerably above its 
melting point, decomposes, giving off white fumes, whicli irritate the 
organs of respiration, and leaves a loose, shining charcoal — 2. Chlo* 
rme-wate^' colours it sulphur-yellow. — 3. The solutions in ammonia and in 
potos/i-% turn red on exposure to the ; and on addition of acids, 
deposit altered picrolichenin which has ’ lost the wliole or nearly the 
whole of its bitterness. (Alms. vid. inf.) 

Co^nUnatio’iis. Picrolichenin is insoluble in cold water^ but dissolves 
slightly in boiling water, without separating again on cooling. — 
Strong 7iitnc acid dissolves it in small quantity at the boiling heat, 
without colouring or evolution of gas. Oil of vitriol forms with pieroli- 
chenin a colourless solution, which becomes turbid wlieu mixed with 
water or exposed to the air. 

With Ammonia. — Aqueous ammonia dissolves picrolichenin, out of 
contact with air, forming a solution colourless at first, but af t(,vrwards 
becoming saffron-yellow, which after some time deposits very Ini Hi) in t, 
transparent, tasteless, crystalline tufts. Those crystals ciUorescc on 
drying, and melt at 50^^ to a cherry -red resin, which is difficult to dry, 
gives off ammonia at a higher temperature, is insoliihlc in water, Imt 
dissolves with cherry-red colour in ammonia, potash, and alcohol — The 
crystals dissolve sparingly in water, easily in ammonia, potash, and 
alcohol. (Alms.) 

Picrolichenin dissolves vciy easily in aqueous potash to a frothy 
liquid ; sparingly in carbonate of potash. (Alms.) 

It dissolves easily in bisulphide of ca^'bon, also in warm acetic acid, 
ciystalllsing out on cooling, and being precipitated by water. — -It 
dissolves readily in alcohol, and is precipitated therefrom by water ; 
easily in ether and in volatile oils after prolonged boiling, also in fixed 
oils. (Alms.) 
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Oxygcn-uacUits 

Physodin, 

QW£[12010^ 


Gekding. N, Br. Arclu 87, 1. 

Occim'ence, In Parmelia pliysodes. 

Preparation. The liclicn air-dried and cut in pieces is macerated 
for several days with ether ; the ethereal extract is evaporated ; and 
the residual wliite powder is purified by waslnng with alcohol and 
repeated crystallisation from absolute alcohol. 

Properties* White, loosely coherent mass, appearing when mag- 
nified 120 times, to consist of four-sided truncated prisms ; if obtained 
from the alcohol solution by spontaneous evaporation, it forms 
crystals 2^ lines long. Melts at 125°. Neutral to vegetable colours. 


24 C 

a, 

.. 144 

... 50-70 .. 

.. 20 C 

... 120 . 

... 49*51 

Gerding. 

mean, 
at 100®. 
49*75 

12 H 

.. 12 

... 4-23 .. 

.. 10 H 

... 10 . 

... 4-13 .. 

4*63 

IG 0 

.. 128 . 

... 45*07 .. 

.. 14 0 

... 112 . 

... 46*36 ... 

45*62 

C2ini2o^s .. 

.. 284 . 

... 100-00 .. 


... 242 . 

... 100*00 .. 

100-00 


Gerding, by an inexact calculation, obtained the formula which, requires 

47*8 per cent. C., 4-4 H., and 47'8 O. This formula is resolved by Weltzien into 
+ 3 aq, {^Syst. Zummmmst* 523.) 


Decompositions. 1, Physodin, when to 125°, is converted into 
a dark rose-coloured product, Gerding’s physodcin, which contains 
51’08 p. c. 0., 4*00 H., and 44*82 0., according, to Gcrcling, 
and is produced from physodin by loss of water. This formula agrees with 
that of physodin ; requires 52-36 p. c. C., 4*00 H. (A>.) — . 2. Oil of 

vitriol dissolves physodin with violet and afterwards with deep rose- 
red colour, and water then precipitates hhush violet flocks. — 3. By 
nitric acid it is converted into oxalic acid with evolution of nitrous 
gas. 


ComUnatims. Physodin behaves to loatcr like a resin, and is (? not) 
wetted by it. It is not altered by dilute acids. 

It dissolves easily in warm aqueous ammonia., forming a yellow 
solution, winch becomes reddish on exposure to the air. When 
exposed to ammonia vapours, it assumes, a chrome-yellow colour, and 
'afterwards hrown-red in contact with the air. — In carbonate of ammonia 
it dissolves slightly at moan temperatures, easily on boiling; in 
potash-lq/ instantly, with yellow colour. Acids precipitate from these 
solutions light yellow or reddish flocks ; the potash-solution yields a 
dingy yellow precipitate with chloride of barium. The alcoholic solution 
of physbdin is not precipitated by chloride of barium^ but it yields with 
acetate of lead a pale yellow precipitate, soluble in potash-ley, with 
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sulphate of copper graan-, ami with nitrate of silver a hrown-red 

precipitatG. ^ ^ . 

It is insoliiblo in alcohol of 80 p. c., but dissolves iii boiling absoluto 
alcohol. It is insoluble in eilicr and in acetic ami 


Primary Nucleus ; Oxycjen-miclcm 

Leucic Acid. 

Q2^ll2iQlZ 


Cahoues. Compt rend. 27, 368. 

A. Stiiecicer. Ann. Phahn. G8, 55 ; Lehrhich. 3 Anil. 200. 

Gossmann, Ann. Phann. 91, 135. 

Waagb. Ann. Pharm. 118 , 295 . 

Thudiciium. Chem. Soc. Qu. J. 14, 307. 

from its analogy with lactic acid (xi. 472), which, however, according to 
more recent investigations, appears to be C'tFO®. (Kr.) The experiments of Waage 
and Thndiclium tend rather to show that leucic acid is 

Formation. 1. Leucine, dissolved in water, is converted, by the 
action of oxidising agents, or even on standing, into a pcciiliiu* acid 
Q 12 IP 1206 . (Cahours.) When nitric oxide gas is passed tlirougli a 
solution of leucine in strong nitric acid [or nitrous acid tlirougli a 
solution of leucine in warm water (Thudiciium), or water slightly 
acidulated with nitric acid (Waage)], nitrogen is evolved, and oily 
leucic acid, soluble in ether is produced (Strecker) : 

2C’2NhP304 2NH3 + 4HO = 

2. When chlorine gas, not in excess, is cautiously passed tlirougli 
a solution of leucine in caustic soda, leucic acid is formed and may bo 
separated from the mixture in the same mauiior as benzogly collie 
acid (xii, 64) from hipipuric acid. (Gossinann.) 

f . Preparation. Purified leucine^ is dissolved in boiling wa4er slighi.ly 
acidulated with nitric acid, and nitrous acid gas is passed through, ibo 
warm solution as long as nitrogen continnes to escape; the 
which tmms brown and gradually deposits brown flakes, is loft to cool, 

^ Tlie leucine used in the preparation was prepared by Hinterberger’s method (Ann. 
Pharm. 91, 135), as modified by Schwanert (ihid. 102, 221), viz., by boilitig ox.hom 
for some time with sulphuric acid; adding milk of lime in excess, filtering, boiling 
again, and precipitating the lime with oxalic acid ; decolorising the filtrate by adding 
sulphate of copper, and precipitating the copper with sulphuretted hydrogen; then 
concentrating the filtrate, and leaving it to crystallise. The leucine thus obtained was 
futher purified by repeated crystallisation from water and weak spirit, finally decolorised 
by boiling it with a small quantity of hydi-ated oxide of lead, and precipitating the dis- 
solved lead with snlphm’etted hydrogen; the solution was then evaporated and the 
leucine once more crystallised from dilute alcohol. The product was quite colourless, 
but left 2 per cent, of ash when burnt, and still contained a trace of sulphur. 
(Waage.) 
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then agitated several times with ether ; and the ethereal extracts are 
evaporated. The residue is a brown oily liquid not miscible with water, 
which gradually solidifies to a radio-crystalline mass. The aqueous solu- 
tion freed from leiicic acid by repeated agitation Tvitli ether, left on evaporation a con- 
siderable quantity of nitro-leucic acid — To purify the Crude Icucic acid thus 
obtained, it is dissolved in a largo quantity of water (a smaller quantity 
dissolves it but imperfectly) ; the boiling liquid is mixed Avith an aqueous 
solution of acetate of zijic ; and the precipitated leucate of zinc is 
washed on the filter with water (which dissolves but a small quantity of it), 
purified by recrystallisation from alcohol, then suspended in water, 
and decomposed by siilphuiTotcd hydrogen. The filtered solution is 
blit very slightly coloured, and ivhen evaporated to a syrup and left 
to stand, yields leiicic acid in colourless needles. If, on the other hand, 
the zinC”Salt be suspended in alcohol and decomposed by sulphuretted 
hydrogen, the acid is obtained in hard, brittle prisms. (Waage.) 

2. Thndichnm passes nitrons acid gas through a warm aqueous 
solution of leucine ; evaporates with addition of leucine to neutralise 
the free nitric acid, and prevent it from oxidising the leucic acid ; 
agitates the syrupy residue Avith ether (oi\ extracts the loucic acid 
from the aqueous solution by agitation Avith ether, without previous 
evaporation; in which case, howcAmr, the treatment AAdth ether must 
be repeated a great number of times) ; — and purifies the crude leucic 
acid from adhenng broAvn oil, cither by solution in cold Avater, 
filtration and rccrystallisation, or by strongly pressing the coloured 
crystals hetAveen bibulous paper, — or by precipitating the aqueous 
soiutioii with acetate of lead, decomposing the washed precipitate 
with sulphuretted hydrogen, and evaporating the filtrate, either over 
the water-bath at a very moderate heat, or oA^er sulphuric acid. 

jP^'O'pcrties. Colourless needles. (Strecker.) Needles or hard, brittle 
prisms, of the right or oblique prismatic system, according to the mode 
of preparation. (Waage, vid. sup.) Badiary groups of needles, having a 
mother-of-pearl lustre, with a beautiful variety of concentric mark- 
ings, like tlioso of some kinds of larch-agaric. (Thndichnm.) HeaAdor 
tlian AVatcr. Cuts like hard soap, almost like stearic acid. (Thudi- 
clmm.) Has an acid taste, and reddens htmns (Thiidichimi) ; hitter 
taste, and strong acid reaction (Waage). Melts below 100° and 
solidifii'S on cooling. (Thudichum.) Molts at 78°, and sometimes 
solidifies at a fcAV degrees below the melting point, sometimes remains 
liquid oven Avhcii cooled to 0°. (Waage.) 

Waago. Tliudiclium. 


12 C 

... 72 

.... 54-54 ... 

54*3 . 

mean, 

... 5.3-57 

12 11 

... n 

.... 9*09 ... 

9*1 . 

... 8*73 

60 

... 48 

36-37 

36-6 . 

... 37*70 



... 132 

.... 100-00 ... 

100-0 . 

... 100*00 


The loss of carbon in Thndichum’s analyses arose from partial decomposition. 

Decompositions, 1, Leucic acid volatilises at 100° apparently with- 
out decomposition. If placed on a watch-glass and heated over the 
water-bath, the sides of the glass become fringed with crystals of the 
sublimed apid, which dissolve easily in Avatei) leaving, hoAvever, a 
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few flocks, probably consisting of the ^nbydriclc. Tlio mass which 
remains in the middle of the watch-glass is syrupy, dissolves in water 
only after prolonged boiling, but is easily soluble in {il(U)hol and 
ether; it probably consists of Imcio anhydride; hut wliether c(U‘rc- 
sponding to lactic anhydride (xi. 501) or to lactide, is at present uii- 
dotermined. (Waage.) The acid lieated for some tiim^ in the wat(vr- 
oven continually acid-smelling vapours, and do(^s not 

afterwards solidify on cooling, but remains in th(‘ foj'in of an uncrys- 
tallisable, dark brown smeary syrup; the anhydride, whioli has a very 
disagreeable odour, remains unchanged, even when left over oil of 
vitriol for weeks, and is nearly insoluble in water, separating from it 
like an oil and sinking to the bottom. A small {quantity of this 
insoluble compound is likewise formed when the acpicous solution, 
even if dilute, is heated to the boiling point or evaporated. The forma- 
tion of this insoluble compound renders the preparation of pure salts of leiicic 
acid rather difficult, and has doubtless also given rise to the statement sometimes 
made that lencic acid is uncrystallisahle. (Thudichurn.) — 2. Lcilcic acid 
strongly heated in the car, gives off thick fumes and blackens, then 
takes fire and burns with a yellow smoky llamcj, leaving a small 
quantity of charcoal, which is quickly and easily consumed. (Thu- 
dichiim.) 

Comlimtions, Very soluble in loatev, (Waage, Thudichurn.) 
Difficultly soluble. (Streckcr.) Strecker’s acid was, perhaps, partially con- 
verted into the insoluble compound above mentioned. A small piccOT placed 
on water dissolves rapidly, producing curious currents of diffusion. 
The solution has an agreeably acid taste, reddens litmus, and decom- 
poses carbonates. 

Lmcates. — Lencic acid forms crystallisable salts (Streckcr, Thudi- 
chum), most of which have the composition An acid silver- 

salt appears, however, to exist, which may bo either C^^II^^AgO*^, 
or C^*H^®AgO'^ ; but as no acid Icucate of any other base has 
been produced, the 12-carbon formula of the acid must be regarded as 
the more probable — a conclusion also pointed out by the formation, of 
the acid from leucine. The salts arc for the most part obtained by 
boiling the aqueous solution of the acid with the corresp(7iiding cajb(.)rL- 
ates. (Thudichurn.) — They are less soluble than the lackitos in water, 
more soluble in alcohob (Waage.) 

Lmcate of AmmonicL — The acid slightly supersaturated with 
ammonia, and evaporated, loaves a thick homogeticous rosi<lnc, in 
which no trace of crystallisation can be observed, even after drying for 
several weeks over oil of vitriol. (Thudichurn.) 

Zeucate of Soda. — The aqueous acid neutralised with carbonate of 
soda and evaporated, leaves a syrupy residue covered with a crystiil- 
line ci'ust, Y^en tliis synip is left over oil of vitriol, crystals form in 
it, which, under the microscope, exhibit a characteristic tub-shape, 
with rhombic plates interspersed here and there. (Thudichurn.) 

Leucate of Baryta^ O^^LPBaOb — Obtained by digesting tlie afjU(.H)us 
acid with carbonate of baryta. (Waage, Thudichum.)" It dissolves 
with moderate facility in warm water and dilute alcohol, and S{,^|:)a- 
lates from boiling alcohol in beautiful coloitrless, silky, laminar crystals, 
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which, like most Icucates, retain something of the appearance of 
leucine. (AVaag’C.) Timdicum obtained it by evaporation in crystalline crusts, 
which remained yellow even after pressing and drying. It is aiiliyclroilS, 
and gives by analysis 38‘G p. c. baryta, the formula requiring' 38*4 p. c. 
(Waag’O.) 

By evaporating two equal quantities of the acid, one of which had 
boon neutralised with carbonate of baryta, a smeary semi-solid mass 
was obtained, apparently consisting of a mixture of the neutral salt 
with free loncic acid. (Thndichum.) 

Leucate of Lime, C^^IP^OaOl — An aqueous solution of the acid 
neutralised with chalk or milk of lime and left to evaporate, yields 
the lime-salt in fine needles, easily soluble in water and in alcohol. 
(Waage.) Thudichum obtained it in non-crystalline crusts, which gave 
by analysis 12 *08 and 12*78 p. c, lime (calc. 13*24 p. c.). 

Leucate of MacplesicL — Sparingly soluble in water, deposited in 
crusts on evaporation. (Thudichum.) 

Lmcate of Zinc, — Obtained by neutralising the dilute acid at 
the boiling heat with carbonate of zinc, and filtering at the same 
temperature. if the solution of leudc acid is not exceedingly dilute, a thick 
froth containing nndissolved leucate and carbonate of zinc is formed at the top of the 
liquid, which requires repeated boiling with water to dissolve it. The latest solutions 
are the purest and least coloured. The solution deposits a thin crust Oil 
cooling. Evaporated over the water-bath, it soon becomes covered 
with a crust, and on cooling deposits bulky masses of needles, which 
must be separated by filtration, pressed between bibulous paper, and 
dried by exposure to the air or over the water-bath. The best 
crystals are obtained from a solution containing excess of leucic acid. 
(Thudichnm.) For Waage's mode of preparation, see page 59. 

Snow-white, with splendid silky lustre ; exliibits under the micro- 
scope the appearance of masses of needles. (Thudichum.) Extremely 
light scales, of dazzling wliiteness and silky lustre. (Waage.) 
Sparingly soluble even in boiling water, less in cold water. (Thudi- 
chum.) Dissolves in 300 pts. water at 1G°, and in 204 pts. boiling 
water, more soluble in alcohol. (Waage.) The air-driod salt gives 
off 5*1 p. c. water (1 at.) at 100 (Waage); g'ives off half its water at 
lOO'^, but requires a temperature of 120®— 130° to dry it completely, 
(Thudichum.) — Sulphuretted hydrogen precipitates the zinc completely 
(Waage), only a portion even after repeated saturation of the solution 
with the gas. (Thudichum.) 


at 120® — 130° Thudichum. Air-dfkd. Waage. 

mean. 


12 C 

72*0 .. 

. 44*01 .. 

. 43*87 ... 

. 12 C 

.. 72*0 . 

. 41*72 


11 H 

11-0 .. 

, 6*72 .. 

. 6*89 ... 

. 11 H . 

iro . 

. 6*37 


Zn 

82-6 .. 

. 19*92 .. 

. 20*10 ... 

. Zn . 

... 32*6 . 

. 18*89 .. 

. 18*79 

6 0 

48*0 .. 

, 29*26 .. 

. 29*14 ... 

6 0 

... 48*0 . 

. 27*81 






HO 

... 9*0 .. 

, 5*21 ... 

. 5*10 


, 168*6 

.. 100*00 .. 

.. 100*00 ... 

. + Aq . 

...172*6* .. 

. 100-00 



Leucate of Lead, — On adding acetate of lead to a solution of leucic 
acid or a leucate, a copious white precipitate is produced, which is 
flaky, and, on boiling, dissolves almost entirely in the liquid.^ Any por- 
tion remaining undissolved melts into a white mass, which is soft like 
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resin while w^arm, hiit becomes brittle and hard on cooling. This 
substance is insoluble in water and alcohol, even on boiling, and 
seems to be a basic salt. 

If the solution of lead is addiid to a boiling Kolution of the acid, 
no precipitate ensues, acid vapours arc evolved, and the, liquid bi^comes 
milky on cooling. In a short time, it deposits the lead-salt as a light, 
granular, white mass, which, under tlic microscope, appears to be made 
up of a multitude of strongly refracting spherical musses, of the size 
of human blood-corpusclcs. This salt is more easily soluble in an, 
excess of the acetate than in waater. It is easily soluble in spirit of 
wine, particularly in boiling spirit. Even in these solutions, basic salts 
are easily formed. The addition of water to these solutions produces 
a precipitate. (Tliudichiiin.) 

Leucate of Cohalt. — TTic dilute aqueous acid boiled with excess of 
carbonate of cobalt, then filtered and evaporated, dc'posils liglit (umsts 
of a pink colour while moist, but of a very pale rosii-coloiir or almost 
white when dry. The salt is bnt sparingly soluble in cold water, and 
not much more soluble at the boiling heat. It crysialiisos in needles, 
which, under the microscope, appear to bo arranged in globular 
masses. 


12 C 

.... 72 

... 44-8.5 . 

Thudiclium. 

mean. 

44-82 

11 H 

.... 11 . 

... 6-85 . 

0-77 

Co 

... 30 . 

... 18-38 . 

18-38 

6 0 

.... 48 . 

... 29-92 . 

30-03 

Ci2HiiCoO« 

.... 161 , 

... 100-00 . 

100-00 


Lmtcafe of Copper . — AVlieii a dilute aqueous solution of loucic acid 
is treated with a dilute solution of ainmonio-suiphate c»f coppin*, tluj 
colbui’ of the copper-salt changes to light green. Oil boiling the liipiid, 
it becomes paler, and, on cooling, deposits light green granules of 
Icucate of copper. Tinder high powers of the microsco|)(.q th(‘se 
grannies appear as balls, formed by a ra, diary arrangeineiit of iK^edlesf 
(Thudichiim.) — A solution of leuelc acid iiiixcul wiiJi accdad.o of eopjuu* 
forms a green floccnlent precipitate, vovy Rjiaihigly soliibk^ in waXivr, 
even at the boiling heat, hut easily crystallised .from boiling ul(*.ohol, 
from which, it separates in very beautiful light blue, sliiniug, Inilky 
scales, wliich do not undergo any dimiuutio.t,i in wc'ight at lOO"'. 
(AVaage.) 


Waago. Tliudiolnmi. 

12 € 72'00 44‘25 44-5 

11 H... 11-00 .... 6*76 .... 6-9 

Cu 31-68 .... 19*49 .... 19-3 .... 18*56 

6 0 ; 48-00 .... 29*50 .... 29*3 


C12H^iCuO° 162-68 .... 100-00 .... 100-00 


Mercurous Leucate. ‘ — When to a solution of leucic acid a solution 
of mercurous nitrate is added, a slight turbidity ensues. Tlie adflitiou 
of carbonate of soda produces a copious reddish-white procipiiatc, 
which, on boiling, becomes red, then dull grey, and d(,q)0HitR metallic 
mercury at the bottom of the tube, (Thudiclium.) 



J.EUCIC ACID. 


63 


Mercuric Leucate may be prepared: — a. Directly, by dissolving 
freshly-precipitatccl moist mercuric oxide in aqueous leucic acid. A 
flaky precipitate gradually ensues, wliicb, on beating-, becomes red and 
granular, and adheres to the sides of the glass. On cooling, a new 
prcci})itate, consisting of whitish globules, is deposited. — h. By adding 
mercuric nitrate to an aqueous solution of leucic acid. , A whitish-red 
precipitate is formed, which dissolves on boiling, and, on cooling, is 
again deposited in reddish granules. — c. By adding the mercurial solu-' 
tio]i to the leucate of an alkali. 

The lencates of both oxides of mercury have a great tendency to 
become reduced. The mercuric salt easily passes into , the mercurous 
salt. The mercuric salt, moreover, lias a great tendency to become 
basic and insoluble. (Thudiclmm.) 

Leucate of 8ilvei\ — a. Neutral, — Obtained by adding nitrate of 
silver to the solution of the acid neutralised with ammonia, or by 
boiling the acid with oxide of silver, and may be rendered quite colour- 
less by re crystallisation from boiling water, in which it is moderately 
soluble. It is anhydrous. (Waage.) Nitrate of silver added to a 
warm solution of leucate of ammonia, potash or soda, forms a copious 
white crystalline precipitate, which increases as the liquid cools, and 
blackens if left in the mothcr-hquor. (Thudiclium.) 


Dried over oil of vitriol. Waage, Tliudichum. 


12 C 

.... 72 

... 30*13 



11 H 

.... 11 . 

... 4-60 



Ag 

.... 108 . 

... 45-19 .. 

.. 45*2 .. 

.. 44*14 

GO 

.... 48 . 

... 20-08 



CianiiAgO^ .... 

.... 239 . 

... 100-00 




The salt, dried over the water-bath below 1 00®, became brown and continued td lose 
^'eight. (Thudichum.) 

Acid salt, — A hot dilute solution of leucic acid decomposes recently- 
precipitated carbonate of silver with effervescence. The excess of 
carbonate of silver and the undissolved portion of the leucate become 
bhickish-groy, but the acid is not entirely neutralised. The hot filtrate 
forms no deposit on cooling. The attempt to evaporate it over the 
water-bath produces a black precipitate of reduced silver. It must, 
therefore, be evaporated in vacuo over oil of vitriol. After prolong*ecl 
standing, a few crystals, of a glassy lustre and appearing under tbe 
microscope as groups of rhombic plates, arc deposited at the margin of 
the dish. The liquid then becomes covered with a pellicle, and evapo- 
ration is impeded. At a later stage, conglomerates of needles are 
deposited, wliicli, when carefully dried over sulphmic acid in vacuo, 
appear a little blackened, like most silver-salts, but are not decom- 
posed. Silver by analysis 2G*97 p. c. ; the formula requires 29T p. c. 
(Tliudichum.) 

Leucic acid is soluble in alcohol in ether. (Strecker, Thudiclium, 
Waage.) If. 
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Aj^pmdh: to Compounds coniaimug 24 atoms of Caj'Imi. 

Panaquilone. 

S. GrAPPiQiTES. A7in. Pham, 90, 231; Pharm. Ccnb\ 185:1, 721; 

J.pr, Chem. G3, 97. 

OcGtirrence. In the root of American ginger, Panax qutnquefoUus, 

Preparation, The aqueous infusion of the root precipitated in the 
cold is freed from albumin by heating ; the filtrate is evaporated to a 
syrup, and precipitated with a strong solution of sulphate of soda ; and 
the brown, glutinous precipitate is washed with the same solution and 
heated with absolute alcohol. Panaquilonc then dissolves, remains 
behind when the alcohol is distilled off, and may be purified by solulioti 
in water, treatment with animal charcoal, evaporation, and re-solution 
in absolute alcohol. 

Properties, Amorphous, yellow powder, having a bitter-sweet 
taste. Free from nitrogen. 

Garriques. 


24 C 

a, 

.... 144 . 

... 46-01 .. 

.. 40 C 

h. 

240 .... 45-98 .. 

mean 
at 100°. 
45-94 

25 H 

.... 25 

7-98 .. 

.. 42 H 

.. 42 .... 8-04 .. 

8-05 

18 0 

.... 144 .. 

.. 46-01 .. 

.. 30 0 

.. 240 .... 45-98 .. 

40-01 

C24H25013 

313 . 

... 100-00 .. 


.. 522 .... 100-00 .. 

100-00 


a. According to Garriqnes. 


decompositions, 1. When heated^ it melts, decomposes, and burns 
away without residue. — 2. It dissolves in oil of vitriol, with lino 
purple-red colour, and water added to the solution throws down whitci 
panacone; hydrochloric and nitric adds, with aid of heat, produce tlu^ 
same transformation. In tins reaction, carbonic acid is evolved, but 
no sugar is formed : 

= C 22 EW 08 2C02 + 6HO (Garriques). 

Comhinations, Panaquilone dissolves readily in water. The solution 
is not precipitated by acids, mercuric chloride, or Uclilorkle of plmitinum ; 
it is coloured brown by alkalis, 

Panaquilone dissolves easily in alcohol, but is insoluble in ether. 
From its aqueous solution it is precipitated by tannic add. 


Panacone. 

GARUiQtJES. Ann. Pharm, 90, 233; J, pr, Chem, 63, 97; Pharm. Centr, 
1854-, 321. 

Fopnation and Preparation, When panaquilone is dissolved in oil 
of vitriol, or when its aqueous solution is heated with hydrocldoriC' or 
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nitric acid, it is resolved into panacone, which separates ont, and 
carbonic acid and water : 


= C22HW0« + 2C02 + Geo (Garriques.) 


PrO'pQvties, White tasteless powder, composed of microscopic 
crystals. 


Cdlculati07i according to Garrlques. Garriqu?s, 


22 C 

.... 132 . 

... 61-43 ... 

59-22 . 

... 61-06 

19 H 

.... 19 , 

... 8-83 .... 

8-93 . 

... 8-85 

8 0 

.... 64 . 

... 29-74 ... 

31-85 . 

... 30-09 

C22H1908 .... 

.... 215 . 

... 100-00 ... 

100-00 . 

... 100 00 


The formula, which does not accord with the principles of this Work, may perhaps 
be made correct by doubling (Kr.). 


Panacone melts when heated^ and burns with flame. — Hot con- 
centrated nitric acid converts it into oxalic acid. 

It is insoluble in water ^ dissolves, with purple coloui*, in oil of vitriol^ 
and is precipitated therefrom by water. — It is not altered by alkalis* 
— ' It is soluble in alcohol^ but insoluble in ether. 


Carbo-liydrates or Saccbaroidal Substances- 

The bodies belonging to this group cannot, with certainty, be arranged in the gene- 
ral system. The order, in which they are here described, is such that a compound, 
in which (independently of crystallisation- water) the sum of the hydi*ogen and 
oxygen-atoms is expressed by a smaller number, takes precedence of one in which 
that sum is larger. The compounds derived from these carbo-hydrates (mannitan, 
xyloidiu, sulphosaccharic acid, &c.), are likewise arranged independently of the nucleus- 
system, being placed immediately after the primary compound. Moreover, as the 
compounds containing 12 htoms of carbon have already been described (vol. xi.), it is a 
matter of necessity to treat all carbo -hydrates in connection with the 24-carhon com- 
pounds, without entering upon the question whether their molecule really contains 12 
or 24 at. C. (Kr.). 


Carlo -hydrates 

Phloroglucin. 

or 

Hlasiwetz. Wien. Akad. Ber. 17, 382. J. pr. Ckem. 37, 105 ; 
abstr. Ann. Pharm. 9G, 118; Chain. Qaz. 1856, 81; Lieb. Piopp^ 
Jahresher. 1855, 700. — * Wien* Akad. Be)\ 36, 401 ; Ann. Pharm. 
112, 96 ; pr. Chein. 78, 257; abstr. Chem. Centr. 1860, 132; Pep. 
dim, pure^ % 189; JCopp^s Jahresber. 1859, 524. — Wt&n. Akad. 
Ber. 43, 451; Ann. Pharm. 119, 199; PSp* Ckm. pure, 1861, 
459. ' , , 

VOI.. XV. 
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CARBO'-HYDRATJES 


Formation, 1. Phlorotin boiled with potash-ley is resolved into 
phloretic acid and phlorog'lncm. — 2* (Quercetin, under tlie same cir- 
cumstances, is resolved into qxiercotic acid and phloroglucin : 

C30H1CO20 + 2110 = C2‘‘I-P20io + 

Preparation. 1. See xii, 307. The niixttirc of pliloroglucin and 
carbonate of potash obtained as there described (wliencc alcohol doc#; not 
extract any phloroglucin) from which all the phloretato of potash has b(Hm 
extracted by alcohol, is dissolved in water ; dilute sulplinric acid is 
added ill slight excess ; and the mass is evaporated to dry ness o cor 
the water-bath, and then well boiled with alcohol (better with otlier- 
alcohol). The alcohol is distilled off and the residue loft to crystallisih 
whereby strongly-coloured crystals arc obtained, the mothcr-licpior 
also yielding an additional quantity. They arc dissolved in water, 
and the solution is mixed with acetate of lead (which produces no 
precipitate), and saturated with siilplmfettcd hydrogen, the pre- 
cipitated sulphide of lead carrying down nearly the whole of the 
colouring matter, so that the crystals which afterwards separate have 
only a yellowish tint. By rccrystallisation from ether and afterwards 
from water, they may be obtained quite colourless, 

2. Quercetin is added to a hot concentrated solution of S pts. 
hydrate of potash, the liquid evaporated down at the boiling heat, 
and the residue further heated, till a sample of it taken out no longer 
yields a flocculent precipitate with hydrochloric acid, and quickly 
assumes a deep red colour when dissolved in water. The whole is 
then immediately dissolved in water, the solution which instantly 
turns red is neutralised with hydrochloric acid, and the flocks (of 
alpha-quercetin and undecomposed quercetin) which arc deposited from 
the liquid on standing and cooling, are separated by filtration. The 
filtrate is evaporated to dryness, the residue exhausted with nlcohol ; 
the alcohol distilled off from the brown tincture; the residue dissolved 
in water, and mixed with acetate of lead, whereby quorcetate of lead 
is precipitated, while plorogiucin I’cmains in solution. The lattcn* is 
obtained in the crystalline state by removing the lead from the filtrate 
with sulphuretted’ hydrogen and quickly evaporating, and is purified by 
recrystallisation with help of animal charcoal. 

Properties, Phloroglucin separates from absolute ether in anhydrous 
crystals (see hydrated phloroglucin). It is swcctor than commoTi sugar. 
Neutral Permanent in the ah at ordinary temperatures and at lOO". 
Melts at about 220*^, Sublimes partially without particular odour, iuid 
solidifies on cooling. 

Hlasiwetz. 

mean. 


Anht/drous at 100®, 


a. 

b. 

12 C 

.... 72 .... 

57-13 ... 

57-00 

.... 56’93 

6 H ........ 

.... 6 .... 

4-7G ... 

5-08 

.... 4-98 

6 0 

.... 48 .... 

38-11 ..., 

37-92 

.... 38-09 

.... 

.... 126 .... : 

100*00 ... 

100-00 

.... 100-00 


a. Prepared from phloretin; b. from quercetin. 

Pecompositiom. Ammoniacal phloroglucin sluiken up with air, 
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becomes red-brown and afterwards opaque. — In a concentrated 
aqueous solution it is converted by bromine into tcrbromo-plilorogliicin, 
wliicli immediately separates in the crystalline form, the liquid becoming 
hot, and emitting a highly tear-exciting odour. With hot hydrochloric 
acid it assumes a reddish yellow colour. — Nit7ic add dissolves it with 
brown colour, and converts it into nitrophloroglucin (p. 68). — Ammonia 
converts it into phloramine (p. 69). — It reduces an alkaUm 

solution of cupric oxide, like grape-sugar. It reduces mercurous nitrate 
when lieatecl with it, and likewise nitrate of silver, with peculiar quick- 
ness, on addition of ammonia. — With chloride of acetyl, chloride of 
benzoyl, &c., it forms substitution-products (p 71). 

Combinations t With Water. — A. Hydrated Phloroglucm. Hard 
crystals belonging to the right prismatic or rhombic system, which by 
slow evaporation are obtained of the size of peas, with irregular pris- 
matic faces. It grates betwen the teeth. It effloresces in warm air, 
and in vacuo, or more quickly at 90°, giving off 22*25 to 22*47 p. c.‘ 
water of crystallisation (calc. 4 at = 22*22 p. c.), and being thereby 
converted into anhydrous phloroglucin. 

Hlasiwetz. 

Hydrated. mean. 

12 C 72 .... 44*44 44*45 

10 H 10 .... 6*18 6*29 

10 O 80 .... 49*38 49*26 

Ci2IW + 4Aq 162 .... 100*00 100*00 

B. Aqueous. — Phloroglucin dissolves in water, and separates 
from the solution in the form of hydatd. 

It is not altered by cold hydrochloric acid. Not precipitated by any 
metallic salt, excepting basic acetate of lead. It is coloured deep violet- 
red by ferric chloride, and produces with solution of chloride of lime, a 
reddish yellow colour, which soon disappears. 

Phloroglucin tvithPptash. — The solution of phloroglucin in carbonate 
of potash loaves, wheh evaporated to dryness, a residue, from which 
alcohol and ether scarcely take up any phloroglucin, and loss, the more 
nearly they arc anhydrous. The alcoholic extract obtained hy boiling 
decomposed phlorctiu with potash is always tnrhid, and deposits after 
some hours, red-brown drops of the compound of phloroglucin with 
potash (Hlasiwetz, Wien. Ahad. Ber. 24, 269). 

Phloroglucin with Oaide of Lead. — Aqueous phloroglucin is precipitated 
with an insufficient quantity of basic acetate of lead, and the white pre- 
cipitate is washed several times with water, pressed between paper, then 
dried in vacuo, and finally at 100°. — It does not ton red on diying. 

Hlasiwetz. 


12C 72 .... 12*41 .... 12*79 

6 H 6 .... 1*03 .... 1*13 

6 O 48 .... 8*59 .... 8*48 

4 PbO ; 446 .... 77*97 .... 77*60 


mPOMVhO 372 - .... 100*00 100*00 


Phloroglucin is soluble in alcohol, and still more so in ether. * 

F 2 
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Terbromophloroglucin. 


Hlasiwetz. Wien. Ahad. Ber. 17, 394. 

Formation, (p. G7) 

Preparation. Bromine is dropped into concentrated aqucons-plilo- 
roglncin till the colour of the bromine is no longer destroyed, and tlic 
liquid has solidified to a crystalline pulp ;• this product is collected 
on a filter, washed with cold water, and recrystallised from boiling 
water with help of animal charcoal. 

Properties. See Hydrated Terbromopliloroglucin. This compound givCS 
off 12*92 p.c. water (calc. 6 at. - 12*94) and then easily falls to powder. 


12 C 

Dried. 
?2 

.... 19*83 . 

Hlasiwetz. 

mean, 

20*03 

3Br 

240 

.... 66*11 . 

66*07 

3 H 

3 

.... 0*82 . 

1*37 

6 0 

48 

.... 13*24 . 

12-53 


...... 363 

.... 100*00 . 

100*00 


Appears to be partly decomposed by boiling with leater. 

Comlinations. With Water . — A, Hydrated Tet'lromopliloroglucm. 
Crystallises from water in long needles (mostly brownish), from alco- 
hol in concentrically united prisms, which give of their water in warm 
air or at 100°, and are reduced to anhydrous terbromopliloroglucin. 





Hlasiwetz. 

CryetaU. 



mea7i. 

12 C 

72 . 

... 17-26 . 

17*44 

3Br 

.... 240 . 

... 57*31 . 


9H 

.... 9 . 

... 2*15 

2*27 

12 0 

.... 90 

... 23*28 

...... 23*04 

CJ2H3Br30s + 6Aq 

.... 417 . 

... lOO'OO 

100*00 


B. Aqueotis.'— Terbromopliloroglucin dissolves very slightly in cold, 
more freely in boiling taater. 

It is dissolved, with brown colour, by alhalis and their carhnates. 

It dissolves very readily in alcohol. 


Nitrophloroglucin. 

Hlasiwetz & Peaxindler. Am. Pharm. Ill, 199 . 

Nitric acid acts violently on pbloroglucin, even in the cokh and forms, with great 
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evolution of heat, a blood-red solution which gives off a large quantity of gas and be- 
comes lighter, oxalic acid being formed in it. When plilorogluciil is added by 
small quantities to somewhat dilute nitric acid moderately heated and 
kept at a uniform temperature, a deep red solution is formed, which 
deposits small nodules. These are pmified by recrystallisation from 
hot water. 

Eeddish yellow shining scales and laminm, having a slightly bitter 
taste. They are sparingly soluble in water, but colour it yellow. 

Illasiwetz: & Pfaundler. 


12 C 

... 72 . 

... 42*10 ... 

42*04 

N 

... 14 . 

... 8*18 

8*36 

5 H 

... 5 . 

... 2*92 ... 

3*24 

10 0 

... 80 . 

... 46*80 

4G*36 

CiaxtPOS 

... 171 . 

... 100*00 

100*00 


Phloramine. 

C“NI1’0‘ = C“xVdIP0*,IP1 

HlAsiwetz & Peaunbler. Wien. Ahad. Ber. 43, 451 ; Ann. Bharm. 

119, 202; abstr. Chem. Oentr. 1861, CIO. 

Plilorog'lucin, over which dry ammonia gas is passed, absorbs large 
quantities of it, and molts ; and if, as soon as the formation of water 
lias ceased, the resulting crystalline mass is dissolved in warm water, 
crystals of phloramine are obtained. — The brown solution of phloro- 
glucin in 5 pts. warm aqueous ammonia, deposits, after standing for 
some time, crystals which must be piuified by recrystallisation from 
warm water, and dried as qxiicMy as possible in vacuo over oil of 
vitriol. 

Properties. Thin, delicate, micaceous lamium, which separate from 
the filter in the form of a film having a silky lustre. Taste, slightly 
astringent. Permanent in diy air. 




Hlasiwetz & Pfaundler. 


Over oil of vitriol. 

mean. 

12 C 

72 

.... 57*60 

57*39 

N 

14 

.... 1 1*20 

11*37 

7 H 


.... 5*60 

5*78 

4 0 

32 

.... 25*60 

25*46 

C‘»NH?0< 

125 

.... 100*00 

100*00 


Decompositions. 1. Phloramine heated over the water-bath acquires 
a lemon-yellow and ultimately a dirty brown colour, losing weight at 
the same time and becoming insoluble in watei'. After 6 hours drying, the loss 
amounts to 6 p. c. ; after 3 hours drying, the product contains 59*82 j?. c. C., 5*82 H.; 
after 4 hours, 60*73 C., 5*77 H.; after 6 hours, 61*38 p.c. C., 5‘70 H., and 11*90 N., 
and therefore differs from phloramine by containing between ■! and 1 at. less water. — ■ 

2. Phloramine either moist or dissolved in water turns brown when ex- 
posed to the air. — 3. Fuming nitrk add acts violently on phloramine, 
producing a yellowish-red solution from which dark brown crystals sepa- 
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rate, probably a nitro-compoiiiid. The same crystals arc produced when 
nitrate of phloraminc is kept in the moist state. — 4. When phloramino 
is heated over the water-bath with oil o/vitnol, a conjugated suljdmrio 
acid is formed, whose baryta-salt (aystallises in lUH^lk^s. This baryta- 
salt and the sokitkai obtained by heating phloramiiu^ with oil of vit riol, 
diluting, neutralising with carhonato of haiyta,^ boiling and iiliering, 
acquires a fine violet colour on addition of se.s(|uichlori(le of iron, even 
if the liquid is very dilute, just as tyrosine (xiii. ,‘558) does when simi- 
larly treated. — 5. By chlorate offoUu^h and hydrochloric acid, pliloraininc 
is converted into a dark brown resin which gradually hcconu^s lighter 
in colour, and when distilled, gives off a small quantity of oil having an 
intensely strong odour (perhaps chlorinated acetone), and loaves a resin, 
yo chloranil is formed in tins reaction — G. When ammoiiiacal phloroglucin 
is exposed to the air, the phloramine formed in the first instance dis- 
appears, and the liquid dries up to a black shining brittle mass, Avbicb 
dissolves in aqueous ammonia and is thrown down by acids as a black- 
brown precipitate. This precipitate, after being washed, dried, again washed with 
warm water, and again dried, resembles pulverised glance-coal, and, though not of per- 
fectly uniform composition, contains, on the average, 59'G p.c. C., 4'4 11., and 4*2 N. 
Perhaps, therefore, (calc, GO'S C., 4*2 H., 3*9 N.), formed from 3 at phloro- 

glucin, 1 at. ammonia, and 2 at. oxygen, with elimination of G at. water.. — 7. By 
aqueous uitofe, phloramine is coloured dark and decomposed. — 8. It 
does not reduce silver from its solution when boated therewith. 

Combimtmis. Phloramine is sparingly soluble in cold water. The 
solution does not colour sesquichlo7nde of iroii, or form a precipitate with 
neut7'al acetate of lead or nitixtte of silver. 

It unites with acids, forming salts which crystallise well, and arc all 
soluble in alcohol. 

Sulphate of Phloixmiine. — A solution of phloramine in dilute sulphu- 
ric |]acid yields by spontaneous evaporation, long, yellowish, brittle 
needles, which, when heated over the water-bath, acquire a bright 
yellow colour and give off 9*38 p.c. water (2 at. = 9*37 p.c.) 

Dried. Hlasiwetz & Pfaundler, 

C^2NH70-‘,H0 134 .... 77'01 

S03 40 .... 22-99 .... 22'8G 

CiSNH^O-SSO^JIO 174 .... 100*00 

Hlasiwetz doubles the formula, in accordance with the bibasicity of sulphuric acid, 

Eijdrochlorate of Fhloramme. — Phloramine, on which strong liydro- 
chloric acid is poured, crumbles to a sandy powder, which dissolvuis wlsm 
heated, and . separates on cooling in yellow sliiiiing larnime, perliaps 
consisting of the anhydrous salt. After solution in water, white 
needles and laininm are slowly obtained, which turn yellow at 100" and 
give off 10T6 p.c. water (2 at. = 10-02 p.c.) 

Dried. Hlasiwetz & Pfaundler. 


12 C 

... 72-0 

.... 44*58 ... 

.... 44*78 

N 

... 14-0 

.... 8-G7 


8 H 

... 8-0 

.... 4*95 ... 

.... 4*98 

40 

... 32*0 

.... 19*82 


Cl 

... 35-5 

.... 21-98 .... 

.... 21*64 

C^^NPFOhHCl .... 

... 161-5 

.... 100*00 
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Nitrate of Phlommme . — Pliloramine dissolves rapidly in warm mode- 
rately concentrated nitric acid, the solution yielding the salt in shining 
bronze- coloured lanhiice and needles. (Decompositions p. 70.) 



at 100* 

Hlasiwetz & Pfaundler. 

12 C 

72 ... 

. 38-29 .... 

38-23 

2 N 

28 ... 

14-89 ..., 

14-59 

8 II 

8 ... 

. 4-25 ... 

4-67 

10 0 

80 ... 

. 42-57 .... 

42-51 

Ci-NH^O‘SNOS,HO .. 

188 

100-00 ... 

100-00 


Acetate of Fhloramine . — The solution of pliloramine in glacial acetic 
acid dries up to a yellow varnish without forming crystals. When 
water is poured upon it, there remains a yellow powder wliich when 
heated partly melts to a resin and partly dissolves. 

Oxalate of Pliloramine crystallises. 

Phloramine dissolves readily in alcohol^ but is insoluble in ether. 


Acetyl-pMoroglucin. 

q24|P0^2 ^ 3C*H^O^C^='IW. 

IIxASiWETz h Pfaundler. Ann Pliarm. 119, 201. 

Chloride of acetyl (ix. 191) acts on phloroglucin even at mean 
temperatures, and at higher temperatures converts it, with evolu- 
tion of liydrocliloric acid, into a white crystalHne mass, which, after the 
excess of chloride of acetyl has been expelled, may be recrystallised 
from alcohol. 

Small colourless prisms which give off acetic acid when heated. 
Insoluble in water. 


Hlasiwetz & Pfaandler. 


24 G 

144 

.... 57-14 ... 

mean. 
56-73 

12 H 

12 

.... 4-76 ... 

4*97 

12 0 

96 

.... 38-10 

38-25 

C>s(C^IW)=H'''0'' ... 

252 

.... 100-00 ... 

100-00 


So according to the analogy of benzoylphloroglucin. — Analysis gives m means of 
determining whether 1, 2, or 3 at. acetyl have entered into the phlorogfacin in place of 
hydrogen, inasmuch as all three products would have the same percentage composition. 
(Hlasiwetz), 


Benzoyl-pUoroglxLcin, 

Hlasiwetz & Pfaundler. Atm. Pharm. 119, 201. 

Produced by the action of chloride of benzoyl on pMorogluein, and 
purified by boiling with alcohol, in which it is nearly insoluble. Small, 
white, shining scales. 
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nUtiiiwetz & rfaundlcr. 


54 C 

324 

... 73-97 

73*59 

18 H 

18 

... 4-1] 

4-31 

12 0 

90 . 

... 22-02 ... 

.... 22*10 



438 . 

... 100-00 ... 

100*00 
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37, in.—Aim. Chm. Phgs. 61, 66 ; J.qm. Chem. 7, 205. 

Fritzche. Pogg. 32, 128. 

Mulder. J. pr. Chem. 15, 299. 

Brunner. Pogg. 34, . 319. 

POGGENBOEEIA Pogg. 37, 114, 
jAC^iUELAiN, Ami. CMm. Phys. 73, 167. 

MiXiSCiiEiincii. Porjfj. 55, 221 ; iV. Ann. Chim. PJii/s. 7, 27. 
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Biot. iV. Am. Chwi. Fhifs. 11, 100; Inst. 3, 13. 

Blondeau r>E Caeoiles. Rev. Scknt. 15, 69 ; abstr. J, pr. Cliem. o3, 
439 ; Ann. Fharm. 52, 416. 

V. Kalinowsky. J.pr. Chem. 35, 193. 

Feiiling. Ann. Fharm. 55, 13. 

SoiiAYARZ. Ann. Fharm. 70, 55. 

Balling. Gdhruuffschemic^ Prop. 1845, 2, 11. 

Sghleioen. Grimchuge der toissemoli, Bot. Leipzig, 1849, 1, 176. 

J. Dean. Value of different hinds of prepared vegeiaMe food. Cambridge, 
XJ.S., 1854. 

Beciiamp. Gompt. rend. 39, 653 ; Inst. 1854, 338 ; J. pr. Chem. 64, 38 ; 
Fharm. Cmtrbl. 1854, 863. — Gompt rend. 42, 1210 ; jV. Ann. Gliim. 
Fhjs. 48, 458; abstr. Inst. 1856, 234; Ann. Fharm. 100, 364; J.pr. 
Chem. 69, 447. 

Naoeli. Flora, 1856, No. 38 — 41 ; abstr. Fharm. Vierteljahr. 6, 256. 

■ — Fie Stdrhmehlhdrner, 1858. 

TitEGUL. Gompt. rend. 47, 685 & 782 ; Inst. 1858, 358. 

Niepce k Corvisart. Gomp>t. rend. 49, 368 ; Inst, 1859, 287 ; abstr. 
Ann. Fharm. 113, 112. 

Memoirs especialbj relating to Iodide of Starch, 

Colin k Gaultier de Claubry. Ann Chim. 90, 93 ; Schw. 13, 453 ; 
Gilb. 48, 298. 

Stroke YER. Gilb. 49, 146. 

Brugnatelli. Ann. Chim. Fhys. 4, 384. 

Giesecke. Schw. 43, 367. 

Payen. j. Chim. mcd. 8, 513. — 9, 449; Ann. Chim. Fhjs.h'd, 109; 

Fogg. 39, 624 ; Scliiv. 69, 85. — J. Chim. mcd. 9, 648 k 705. — 14, 269. 
Langlois. j. Fharm. 20, 576. 

Jaoquelain. Ann. Chim. Fhgs. 73, 196. 

Pelletier. Bull. Fharm. 6, 288. 

Blondi.ot. N. Ann Chim. Fhys. 43, 225 ; iY. J. Fharm. 28, 45. 
Bl'ohamp. JSr. J. Fharm. 27, 406, — 28, 303. • 

PiSANi. Gompt. rend. 43, 1118; J.pr. Chem. 70, 382. 

Memoirs relating especially to soluble starch. 

Maschke. J.jm. Chem. 56. 409; Fharm. Centrll. 1852, 609; J. pr. 

Chem. 61, 1 ; Fharm. CentrU. 1854, 337; iY. J. Fharm. 25, 237. 
BiiCiiA»a\ Sec above. 

Stilrke., Saizmeh.1, KrafimelJ Ami/lum, Amidom Matihre amylacie* — KllO^?n 
to the ancients ; prepared from -wheat, especially in Crete and in Egypt; 
according to Dioscorides, it was called tlyvKov by the Greeks, because it 
could be obtained without griuding with mili-stoncs. It was first 
separated from flour by Beccari, in 1745. 

Sources. Starch is very widely diffused in the vegetable kingdom. 
It occurs in variable quantity, for a time, at least, in every plant that 
has been examined. It is especially abundant in certain families of 
plants, and occurs in very large quantity in certain organs, especially 
in the albumen of the seeds (not in those of acotyledons : Wahlenberg 
if. GeU. 81, 108), in the cotyledons of the embryo; in the pith of the 
stem and stalks; in bulbs, tubers, rhizomes, and roots ; also in the bark 
and splint of trees in the winter-season ; sometimes in the flowers. It 
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is enclosed in vegetable cells, wliicli it often fills completely, or is scat- 
tered therein in grannies, but is never attached to the ccill- walls (Pay on 
Oonipt, rend 18, 240) ; according to Turpin, on the contrary, the starch 
granules arc attached by their Iilliim to the wall of tlu^ cell Starch 
may occur in the cells of all organs of thci grciater number of [>lants, 
but not ill the youngest cellular tissii(>, winch is composed oi nitro- 
genous matter and ccdlnloso; thus, it docs not occur in llm H})ongiolcs 
of the roots, the youngest loaf-])nds, or the yormgest forms ()f the 
flower, in the interior of" the niiimpvegnatcd ovary, in the (^jiuhirmis and 
cells lying immediately under it, or in the vessels and intercellular 
passages. (Paycn.) 

Woody plants, which are green in summer, contain iii spring, Ixhoro 
the commencement of vegetation, granular starch, which, as tlu', sap 
begins to move, is gradually dissolved from wltliout, inwards. It is 
distributed throngh all parts of the stem, both above and below tlio 
surface of the ground, in the cells of the parcncliyma and prosenchyma, 
being most abundant in the underground wood, loss in the stem- wood, 
least in the branch and twig- wood ; but in Fagits Sybaticn and (Jarpvim 
hetidus, it is most abundant in the cells of the medullary rays of the 
youngest shoots. (Ilartig, J. pr. Chem, 5, 217 ; sec also, Wahlonb(3rg, 
W. Gehl 8, 108 ; Robert, d Fharm. 4, 545 ; Iliinefeia, Pharm. IG, 064.) 

Starch has been found and partially examined in the following 
plants, among others: in some Confervoe (Mold, Meyer) ; in some Chcim^ 
but not in all; in the stalks of Lycopodiacece (not in the seeds: Schleiden), 
in the cellular tissue of the stem and branches of some Ilkizocarpmi ; 
in the leaf ‘buds of Marcliantia and Lamilaria (Vogel, IJmicca, 15, 59 ; 
J, pr. Chem. 25, 382). — In the roots of Arctimn Lappa^ Atropa Bellas 
donnay Polygonum Bistorta, Spircoa fiUpendulay ScrophUaria mdoBd, 
Samhucus Ebulus, and S. nigrety Inperitoria Ostrutimm, Bunkim Bulho*‘ 
cctstanmuy O^'ohus tiiberosus, several species of Eumexy Ilyoscycwius niger 
(Parmentier) ; ConvolvulmJalappa and G. Turpethmy Phcu/npalniaMcriiy and 
P. rhaponticuniy Pewnia officmalisy Valeriana oj/lcinalisy Aristolocina, Clema- 
titiSy and A. Serpeniaria, Polypodium Fili.c 7nas, Geum urbamnny Alpinia, 
Galanga, Fragaria vescuy Nymplum alha, Bramm NapuSy Limms BasmfraSy 
Apiiim Petro&dinumy Urtica didicciy Daacus Carota [according to 
0. Schmidt (aL^m. Pharm. 83, 32G), it is not found in this plant, but 
according to Wittstcin (Ptov;^. 2, ,122) it is], Tropcwlnm 

maj'us (not in the roots, but in the stem, leaf-stalks and scjeds ; 1 Liine- 
feld), in various species of llumexy IMva syhestris, Glyvyrrhiza glahray 
Cochiearia armoracia (not in tlic seeds, IliinefoklJ. Alt'hmt, ({Ifinmdky 
Omnis spinosay Ilumulus Ltipulus (Robert, /. Pliarm. 4, 54,2) ; of Asekpufs 
syriaca (not in the part of the plant growing above ground), abriudautly 
in the roots of Trigloehm mcaitimmiiy of various species of PlantagOy in, 
OrcMdacemyIridacecxy Panimmlacm ; sparingly in the several species of 
Pmmxy not at all in the roots of ByngenesimmA Teiraf^namice (Hunefcld) ; 
of Cephalis Ipecacuanha (Willigk, Wien. Ahad. Per. 5*, 190), Bryonia alba 
(P armentier, Riegel, Jalirb. pr. Pharjn. 6, 35), Oocculus palmatusy Pm-^ 
tinaea sativa (Payen) ; of various species of Aimmy Callodium Buemkn'^ 
twiiy various species of Jatropha (Ricord, Madianna, J. Pharm,. IG, 313 ; 
Schw. 59, 247); of Smilax Sar^apaidllay Bauciis Carota (Schleiden.) In 
the tubers of Solannm tiib^osumy of Orclddacmy of Apomgeton (Payen) 
of Ipomwa Batatas and L opermlata (Buclmer, Eep^ert. 31," 393), Oxalis 
arenata (Payen). — In the root-stocks of Maranta arundinacea and 
M. indioa^ of various species of Gama (Payen, Pritzschc, Solileiden^ 
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Eicord, Madiaiina) ; ^ OT Afais (Paycn, Sclileklcn); Zinziheracm and 
Bioscorew (Eicorcl, M'adiamia, Schlciden) ; Ilcdychmn (Fritzsclie) ; Yera- 
tnmi album,, Acorns Calamus, Irk gmnanica (Eobert) ; Curcima an- 
(justifoHa (Gniboiirt) ; Curcuma leueorrhiza, Carex arenaria, Anathevum 
Iwaranciisa, IridacCAV, Lathram, (Sclilcidcn). — In tlie nodular 

root.M oF Fkarla vernu (Scliloidcn). — In the bulbs of Liliacece and 
Colchlaccm (Sohloidon). — In the stalk of BeniJiardia dicliotoma 
(Sclileulon) ; in the wood- stem of Aesculus HippocasUmum, Carpims 
Betnlm, and various species of Fojmlus, Salix and Tilia, amounting' to 
between 5 and 2(> per cent, of the wood (Ilartig', vid. sup.) ; in the 
wood-stem of Cgcadew and species of Sagus (Payen, Guibourt, Schlei- 
dcn)j CacUrcecu (Payen), Blelia Tankervilice, Bieffenhachia seguim 
(Schleiden), Ariwdo saccharifera, Bhamix Jdranifera (Guibourt). — In 
the Ijark of Aglanthns gkmdulosa (Schleiden), sparingly in the bark of 
Fimis sylvestrk, Fopukis nigra, Laiirus Afassoy, Geoffrey a mrinamensis and 
G. Jamaicensk, Drimys Winteri (Htinefeld). — In the thickened paren- 
chyma of the leaves of Marallia (Schleiden). — In the green parts of 
Chenojiodium auibrosio’ides, Achillea millefolium, Galeopsis offcmalis, feu-, 
crkim marum, Atropa Belladonna, Calendula officinalis (Hiiuefeld). — In 
the flowers (not in -white flowers) of Tropeeolvm majus, Helianthus amuus, 
Oenothera grandlflora, Foteniilla pmiica, Seliopsis, Tagetes erecta. (Hiine- 
■feld, ,L pr. Chem. lb, 87). — In unripe apples and pears Pobereiner, 
J,}))'. Chem. 28, 107; Payen, Compt. rend. 58, 818). The existence of 
starch in unripe fruits has been denied by some authors ; but, according to Payen, it 
may always be found in unripe fruits having an acid juice, if the following method of 
observation be adopted : A thin, vertical slice of the fruit is cut, and immediately 
plunged into water, in order to avoid the action of the air on the colouring matter 
contained in it, and to remove from its surface aU those soluble substances which 
might absorb iodine. After this washing, an aqueous solution of iodine, slightly 
alcobolised, is substituted for the water, and the slices are left under the influence of 
this solution for an hour or two. Apples, pears and quinces, which have attained 
to a quarter or half their development, exhibit, when thus treated, the blue or deep 
violet colour which indicates the presence of starch. In tile seeds of Gi'amin- 
acece (in tlie cereals, however, only for a short time before and diuing 
maturity; lliincfcld), of Leguminoses, Chenopodiacece, Amaranthaceas, 
Caryoj>hyllacea\ Fortulaceoi (Treciil), of Beta vulgaris (Payen), Momea 
amerimna, Laurus, Alelia sempcrvvrens (Eicord), Zea Alak, Oryza sativa 
(Payen, Lassaigno, J. Cliim. med. 22, 4), Alpinana Cardamomum 
(Schleiden), Castama vesca {Bmiclie di Como, 37*5 p. c. ; B. di Orta, 
88*02 ; Val Travaglia, 28-0 ; Yallellina, 23*3 p. c.), (Albini, Wkn. Ahad. 
iier. 13, 502). Aescnlm Ilippocasiamom (Plaiidin, Belloc). Theohroma 
Cacao (Lainpadius, Bncbner, Jlepert. 58, 106); not in the seed of 
Theobroma Cacao (l)olcliGr & Ohevallier, J. Chim. mid. 14, 467 ; 
Herzog, N. Br. Arch. 1)0, 216), in some varieties (Bley, he. eft). In 
Trehala, the exaiidatc of a species of Echinops, probably a native of 
Syria, to the amonnt of 06*54 per cent., together with trehalose and 
gam. (Guibonrt, Compt. rend. 46, 1218.) 

Starch is formed in plants only when the mitriraent is in excess, 
and is dissolved and used np at a later stage of the vegetative process, 
when the iintrhnent becomes defioiont (Payen) : it is probably formed 
from vegetable mneus (Schleiden). Before the starch appears in the 
cells, they are fllled with a granular or homogenous mass {protoplasma), 
the development of which is slower than that of the cell, so that it 
spreads itself in a layer of varying thickness over the inner surface of 
the coll, env^lopng the nucleus perhaps already present, and sometimes 
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i^preading iu a thread-liko form over its surface ; the starch is most 
frequently formed in this proto]')]asma, more rarely on the siuTacc or 
in the interior of the nucleus, (Trecul, Coinpt. rend. 4:7, 78:^.) 

On the quantity of starch iu ililTercnt parts of plants, according- to Krockcr {Ann. 
Pharm. 58, 212), see in Gmelin^s Uandbtich, Band VII R Phi/iochcmic, s. (572 ; also 
Gerhardt^s Traiie, tom. ii. p. 48C. 

2. In the Animal Kingdom. In the spleen, liver, kidneys, inncous 
membrane, bladder, and brain, in \airjablo quantities, soinctimos in the 
mucus of the bronchise and bladder, in the urine, in cancerous and 
tuberculous exsudations (Carter, jY. A7m. Ohm. Phi/s. 50, 358 ; Bap. Chim. 
pure^ 1, 475). — A substance resembling’ starch is found in the epithelial 
cells of the membranes of the amnios and placenta ; in the epidermal 
cells of the skin, gums, and tongue ; in the epithelium of the stomach 
and intestines (Rouget, Compt. rend. 48, 792;'ife/n Chim. pure, 1, 395). 
According to Dobson, it occurs in the secretion of the Fm/lla, an insect 
which lives on the leaves of the Eiiccdgptus (Ib-ecul, Compt. rend. 47, 
688 ). 

On animal amyloid, a substance nearly resembling starch, see Handbuch 
Band "Vllij' Zoochemie, s. 75 ; the recent observations of Kekuld and Raulitzky 
(Schmidfs medic. Jahrb. 103, 7 and 10) ; on the (not yet isolated) vegetable amyloid, 
see Vogel & Schleiden. {Pogg. 46, 327). — The liordcin or cavadin found by Proust 
{Ann. CMm. Phys. 5, 339) and Bizio, in the grain of barley and in maize, is, according 
to Braconnot (^Ann, Chim. Phys. 35, 159) and Guibourt (J. Chim, m6d. 5, 158 ; 
Schw. 56, 119), a mixtui-eof woody fibre, starch, and nitrogenous matter. 

B'l'cparation. 1. Fi'om Wheat. — ^AYheat-starcb, Weizenstlirhnehl, Wai- 
zenstmdee, Amida^n, A^nidotie . — ^Wheat after being softened in cold water, 
is pressed under mill-stones or rollers, or in bags under water, as long 
as milky water runs off from it. This liquid, when left to itself, deposits 
starch containing glutin; the latter, however, dissolves for the most part 
in the supernatant liquid, which gradually turns sour (sour water), and on 
decanting this acid liquid, repeatedly stirring up tlic starch with fresh 
water, and leaving it to settle, it is at length obtained pure, and may 
be dried in suitable desiccating chambers. — Y^heat-dour is mixed with 
4 to 5 volumes of water, and -k to vol. som* water obtained from 
former operations ; this sots up a fermentation, which, bists from 2 to 
4 weeks, according to the temperature, and is intcrnipted as soon as 
the nitrogenised substances arc decomposed and dissolved. Tlui 
sediment of starch which remains at the end of a fermentation, is 
repeatedly washed with water, sifted, and dried in (bisicating clnuri- 
bers. — Starch maybe freed from glutin by moans of cold, dilute potash- 
ley (Kirchhoff ), or by distilled vinegar (Baussure), from pieces of fai; 
aiid other matter, by prolonged treatment with cold water, alcohol, or 
ether. 

2. From Potatoes. — Potato -starch, Kafiojelstdrlcmcld, Femde.— 
Washed and rasped potatoes arc drenched in a "sieve with a continued 
stream of cold water, and the milky liquid wMohruns through is sot aside 
for a few minutes, till the heavier impurities have settled down, and 
then left to stand for 3 or 4 hours in another pan. The starch which 
collects at the bottom of the clear liquid is stirred up with water, 
poured through hair sieves, then left to settle, repeatedly washed with 
cold water, and dried, first on plates of gypsum, afterwards in desic- 
cating chambers. The starch thus ohtained is purified by successive 
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wasliilig' witli the following liquids : — 1. Cold alcohol. — 2. Water. — 
0. Water contahung 0*002 p. o. hydrochloric acid.— i. Water.— 5. Water 
containing 0*005 p. c. potash. — (5. Water, (Payen). After this treat- 
ment, the starch contains hydrochloric acid (Jacquolain, Gerhardt Traite^ 
2, 48C), but may be purified by boiling with alcohol containing 0*1 p. c, 
hydrate of potash, then washing witJi pure alcohol and with water. 

3. From the root-sproicts of Maranta indka and M, arundinacea,--' 
American starch, Arrow-root. — ^hlodeof preparation the same as 2. 

4. From the roots of Jampha Manihot — Tapioca. — The washed and 
bruised roots are pressed in bags under water; the starch which 
separates from the milky liquid is mealy tapioca; after drying upon hot 
plates, it becomes granular tapioca; the portion of the pulp which 
remains after washing and pressing is spread out on non plates in a 
layer 1 or 2 inches deep, and strongly dried into cakes ; this is Cassava 
bread; when pulverised it forms Manjolc flour, and when again heated 
on iron plates till it swells up ; Mancliohka. (Sui’eau, F Fharm. 20, 622). 

5. From the stems ofsevei'al species of Sagus and Cycas, — Sago. — The 
starch is washed out of the pith of the stems on sieves in a stream of 
water, then left to settle, washed on cloths or mats, rubbed when 
half dry through metal sieves, and when thus granulated, it is dried at 
about 60° in ovens of peculiar construction. 

6. From Bice, — Rice is heated with weak soda-ley, which dissolves 
the nitrogenous impurities, and leaves pm-e stai'ch (Lassaigne, /. Chim, 
mid, 22, 4), then with a solution of borax, cream of tartar, or some 
other salts, to facilitate the separation of the starch from glutin. 
(Oolmann, Bep. of ])at, inventions, 38, 178.) 

7. From Horse^hestnuts, — The same method as in 2, excepting 
that the starch is likewise well washed with aqueous carbonate of 
soda, to remove the bitter principle (Flandin, Compt rend, 27, 349), 
or merely with water, like potato-starch (Belloc, Compt, rend, 28, 83). 


Properties, Wliitc shining powder, soft to the touch, grating 
between the fingers or the teeth, sometimes consisting of amorphous 
masses, but more frequently of granules recognisable by the micro- 
scope. — These granules, of various diameter (from to of a line, 
Fitzsche), (from *185 to *002 millimetres, Payen), and form (Payen), 
(mostly egg-shaped, according to Fritzschc & Schleiden), have 
generally a small eccentric nucleus (Fritzsche’s nucleus; Schleiden’s 
central cavity), surrounded by layers arranged concentrically one over 
the other (Fritzsdac, Payen, Schleiden). These envelopes increase by 
the successive deposition of new layers within the old ones (Schlei- 
den), so that each layer is younger and less compactly aggregated 
than the one which immediately surrounds it (Payen) j and since the 
layers are for the most part of variable thickness, they cause the 
granule to deviate gradually in form from the originally spherical 
nucleus. (Schleiden.) — According to Maschke, the starch-granules 
appear like bundles of 3 — 6 concentric bladders, with light and dark 
rings, the light rings being formed of insoluble, the dark of soluble, 
starch, and enclosing the central cavity of the innermost bladder, 
which is either empty or filled with liquid amylone. According to Pohl 
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(/. pT. Chem. 83, 35), the stratification of starchi-granules is perceptible only when 
they are immersed in water [possibly because the dry starch is not sufficiently trans- 
parent]. 

1. A 7 norphoits Starchy hi tlie albumen of Curdamo-nmm, in Jamaica 
sarsaparilla root, in tlie root-stock of Carex arenaria (Bchlt.u(lcn) ; 
dissolved in tbo epidermal cells of Gagea hua and sovtvral species of 
Ornitliogalum (Sanio & Scliuiick) ; only partially granular in the root 
of Aristolocliia. (TrecuL) 

2. Si^nple starch-granules. — a. Houndtsh. With apparently dtili- 

cient nucleus : throughout the vcg’otablo kingdom; with small round 
nucleus and distinct lamination: very crude in the pith of Cgcudmeai; 
egg-shaped in potatoes, in the root-stock of Alxinmia^ Canna, &c. ; 
conchoidal in the larger Liliaceic; with indistinct or del icient lamina- 
tion, rounded and many- angled, iiimai^^o ; sharp-edged, with numcrouB 
summits, in rice; witli elongated nucleus, roumlish or egg-shaped, 
and exhibiting a star-shaped crack in th(3 inner layers when dry, in 
Leguminosai ; hollow, appiarently cup-shaped, in tlie root-stock of Iris 
florentina and allied species. — L Flattened lenticular. Witli or without 
lamination, the nucleus being central or eccentric, soraotimes roundish 
or elongated, or with a star-shaped fissure, in the cereals. —-c. Flat 
dish-shaped. With distinct lamination : in Zmziberdeew. — d Bm*- 
shaped. With elongated nucleus : in the milky juice of European and 
of some Euphorhiacece. — e. Quite irregular : in the milky juice 

of many tropical Eugdioi'liacecs, (Schlcidcn.) 

3. Co^nposite gramdes. — a. The individual granules having no distinct 
nucleus. IJnited by twos, threes, and fours, in the simplest manner ; 
in the Marantacece {A^roiv-root)^ in Marattea, and in the root of Jhg- 
onia; — united, for the most part regularly, in groups of 2 — 6 : in tlio ' 
root-bark of Sarsciparilla. — h. The individual gramdes in the groups having 
a distinct micleus. United in groups of 2 — 4, cells of uniform si^e, with 
small roundish nucleus : in the root of Ja^iipha Manlhot ; with largo 
nucleus, split in hcatitiful stellate form : in Ookhicum bulbs ; composed 
of 2 — 4 apparently cup-shaped nuclei : in tlio root of Anatherutn 
Ituarancusa ; of 2 — 12 granules in irregular groups : in the tubers of 
Arum Maculatum. — >(?. Small granules grouped round a large grain ; in 
the several kinds of sago. (Schleiden.) 

On the structure of starch-grains in arrow-root, Dioscorea atata^ Ildianthus 
iuheroSuSf batatas, potato and Orohidacc&f see Payen (/. Chirn. mid. % 237) j in wheat, 
arrow-root JatropM, sago, and OrcMdacece (Guibourt, /. CMm. mid. 5, 90) ; in 
Bryonia (Riegel, JahrK Phurm. 6, 35), in rice (Lassaigne, J, CMm. mid. 22, 4), 
in Anemone nemorasa and Arum, mamlatum (Enz, Pharm. Viertd^dh. 5, 97) ; 
in various plants (Soubeiran, K. J. Pharm. 25, 89, and 175 ; Field, Pharm. .h Trans. 
24, 253,* Grundy, Pharm. J. TYam. 14, 446; Nageli Ife&er die JStmeture der 
Sidrhmehlhornerf 1858) ; in the Trehala (Guibonrt, Compt. rend. 46, 1215). On tbe 
structure of starch-granules in the spleen and liver, see Carter, N. Ann. CMm. Pliys. 
56, 368; Rip. CMm. pure, 1 475. —On the appearances exhibited by the starch- 
granule when examined by the microscope in polarised light by means of a double 
refracting prism, see Biot, Compt rend. 5, 905 j 18, 795. — N. Ann, CMm. PIm, 

n, 100). 

The following table exhibits the greatest diameter of several kinds 
of starch-granules, according to Fayen {N. Ann. Sc. nat Botan. 10, 65) : 
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Stcircll from-— jMillimetre. 

Larg'G Kolian potatoes . . . . 0*185 

31(mispermum palmatum^ (oo^om^ .. .. .. *180 

RliiV.omos of Ganna (jigantea *175 

Kliizotnes of Ganna discohr . . , , , . , , . *150 

„ ,, M((mnta. anmdinacea (arrow-root) . . *140 

Yarious kinds of potatoes . . . . . . , . *140 

Bulbs of tlie lily . . . . , , . . „ . . . *115 

Tul)tn;s of .. .. .. .. *100 

Stem of a very large Echinocaotm erinaceus (imported) *075 
Sago -070 


Broad beans 

Lentils 

Haricot beans , . . . . . . , , . 

Peas . . . . . . . . , , i 

Grain of White Wheat . . 

Fresh pith of sago -tree {Cgcadecs) 

Hyacinth-bulbs 

Tubers of Spanish potato {Batatas edtdis) 

Corns of Orchis laU^oUa and hifolia 
Maize (white, yellow, and violet) 

Fruit of Chinese sugar-cane {Borghmn sacchiratnm) 
oi Gaictns pemvkmus 
Seeds of Ndias major 
Stem of Gactus 2 ^eresJcia graiulifiora 
Seeds of Aponogeton distacliyum . . 

Stem of GinJego biloha {Salishuria adumthifoUa) . . 


,5 Gactus hrasiliensis 
Fruit of Panicitni italkum . . 

Half-grown seeds of Ndias major 
Pollen of Glohba nutans . . 

Stem of Cactus flagelliformis 

„ Ecliinoca^ctus erinaceus (grown in hothouse) 
Pollen of Biipia niaritima 
Stem of Opuntia tuna and Ficus indka 
,, Opuntia curassavica 

Fruit of Panimm miliaceum (millet) 

Stem of Cactus mammilaria discolor 
Bark of Aylanthm glandulosa 
Stem of Gactus serpentimis 
Parsneps . . 

Pollen of Ndias major 
vStem of Gactus monstnmus 
Seeds of beet'-root 

„ Ghenopodium Quiuoa 


■075 

*067 

•063 

*050 

•050 

•045 

•045 

*045 

•045 

•030 

•030 

•030 

•080 

•0225 

•0225 

•022 

*020 

•016 

•016 

•Olo 

•015 

•012 

•on 

•010 

•010 

•010 

•008 

•008 

•0075 

•0075 

•0075 

*006 

•004 

•002 


The specific gravity of starch is 1*505 at 19*7°. (Payen.) — The 
variations in its specific gravity are due to varieties in the structure 
of the starch-granules. (Payen & Ohevaliex’, /. Pharm. 9, 187.) — 
It has neither taste nor smell. Potato-starch, not arrow-root starch 
(Pohl, /.pr, Ghem, 83, 40), has a peculiar smell, caused by its contain- 
ing a certain quantity of a volatile oil (Payen, Oomp^t rend. 23, 489). 
■—Neutral. (Guerin- Yarry.) (Potato-starch turns vegetable reds 
blue: Payen). 



80 


catibo-iiyduates 


Potato ‘‘Starch, 


24 C 

20 H 

20 0 

.... 144 .. 

20 .. 

.... 160 .. 

.. 44*44 .... 
.. G*17 .... 
.. 49*39 

Gudrin-Varry. 
at 100“. ’ 

.... 43*64 

.... 6*2G 

.... 50*10 

Bcrzcliu.'?. 
at 100°. 

.. 44*25 

.. C'67 .... 

.. 49*08 

Mulder. 
at 100°. 

.... 43*SG 
.... 6*28 
.... 49'SG 

CiiiHSooso 

.... 324 .. 

. 100*00 

.... 100*00 

., 100*00 .... 

... 100*00 


Brunner, 

Blondeau. 

Payen. 

Jacf|nelain. 



in vacuo. 

nnoo“. 

at 140°. 


C 

. 44*10 , 

.... 40*05 ... 

43*18 

.... 45*03 

44*17 

H 

. 6*47 . 

... 6*53 ... 

6*10 

.... 6*37 ... 

6*37 

0 

. 49*43 . 

... 53*42 ... 

50*72 .... 

.... 48‘GO ... 

49*46 


. 100*00 . 

... 100*00 ... 

10*000 .... 

... 100*00 ... 

100*00 


Wheat-starch. 


G.-Luss. & Then. 


Prout. 

^ 

Fr, Marcet 

Dean. 

at 100°, 

air-dried. 

o 

o 

at 160°. 

at 100°. 

at 100°, 

C 43*55 

.. 37'o0 

... 42*80 . 

... 44*00 

.... 43'70 

.. 44*04 

H 6*77 

.. 6*94 . 

... 6*35 . 

... 6*20 

.... 6*70 „ 

.. 6*53 

0 49*68 

.. 55*56 . 

... 50*85 . 

... 49*80 

... 49*60 .. 

.. 49*43j 

100*00 

.. 100*00 . 

... 100*00 . 

... 100*00 

.... 100*00 

100*00 





Arrow-root. 




Front. 



Payen. 


Bean. 









air -dried. 

at 100°. 

at 80°. 

at 100°. 

at 140®, 

an 00°. 

c . 

... 36*40 .... 

44-40 . 

... 42-89 

.... 43*69 

.... 43*96 . 

... 43*35 

H 

.... 7*07 .... 

6*18 . 

... 6-35 

.... 6*25 

.... 6*10 . 

... 6*40 

0 

.... 56*53 .... 

49*42 . 

... 50*76 

.... 50*06 

.... 49*94 . 

... 50*25 


100*00 100*00 .... 100*00 .... 100*00 .... 100*00 .... 100*00 


Maize, Tapioca. Sago, Bean-^starch. 

Bean. Bean. Bean. Payen. 

anoo®. <^n00^ aMOO*. a^SO®. 

C 43*73 43*70 43*58 42*55 

H..... 6*59 ........ G*49 6*31 6*12 

0 49*68 49*81 50*11 51*33 



100*00 .... 

.... 100*00 

100*00 

. 100*00 


Bean-starch. 


Parsnep-sfarch. 



Payen. 


Payen. 



at 100°, 

at 80°. 

in vacuo. 

at 100°.' 

C 

43*76 .... 

.... 42-93 


. 4‘3*80 

H .... . 

6*00 .... 

.... 6-50 

6*30 

, 6*39 

0 

50*24 .... 

.... 50-57 

49*36 

. 49*81 


100*00 

.... 100-00 

100*00 

. 100*00 
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Early formula for starch : Berzelius ; Prout ; 

Gueriii-Varry ; more recent formuloe ; Mulder; Payen, -~ 

The opinion which was expressed by Leeuwenlioeh, as early as 17 1C, as to the difference 
between the envelope of starch-graimles and the substance contained within it, was con- 
firmed by Raspail (iV. Si/at. de Chim. ory. 1833), who, however, considered the con- 
tents as chemically different from the envelope of the starch-granules, and as identical 
with gum arabic ; Guibourt (/. Chim.m&d, 5, 9b) regarded both envelope and contents 
as chemically the same and only differing in their state of aggregation ; he named the 
contents of the granules, which Raspail had called gum, foculo soluble^ and supposed it 
to be identical with the substance, called Amidin by Saussuro (Ann. Ghim. Phys. 11, 
385) and Amidon modifii by Caventou (Ann. Chim. Phys. 31, 337), which is formed, 
according to the latter, when starch is boiled with water, or heated above 100° without 
water. Gudrin-Varry nevertheless concluded, from the behaviour of starch with water, 
that it must contain three constituents, and called the portion soluble in cold water 
Amidine, that which is insoluble in boiling water (the envelope) Amidine teffumeniaire^ 
and that which by itself is insoluble in cold water, but is rendered soluble by the 
amidine, Amidine soluble. According to him, starch consists of 2'96 p.c. amidine 
Ugumentairef 38'38 amidine and 68’68 amidine; the composition of amidine 

Ugumentaire and of amidine soluble corresponds to the formula that of 

amidine to the formula and hence the composition of starch (Amidone)^ which 

consists of amidine and amidine soluble, must be represented by the formula 
= + C^H^Oh — Payen & Persoz (^Ann. Chim. Phys. 56*, 337) regard 

starch (Amidone), excepting the envelope of the granules, amounting to 0*4 — 0*5 
per cent, as a single substance, and Guerin-Van 7 's amidine as partially decomposed 
amidone, bis amidine soluble as amidone in the free state, and his amidine tegnmen^ 
taire as amidone with the envelopes of the granules. Payen {N. Ann. Sc. 7iaf. Bot. 
10, 201) recognises no chemical difference between the envelope and contents of 
starch -granules, and ascribes the different behaviour of the outer and inner layers 
to certain solvents, to the former containing a certain quantity of albumin, fixed 
and volatile oil, lime-salts, and other matters. Wheat-starch contains, according to 
Rousseau {Pogg. 32, 101), 0*005 — 0*006 per cent., and potato- starch 0*001 per cent, 
of a white tallow, easily soluble in alcohol; according to Guorin-Varry, nothing but 
chlorophyll and wax, and no volatile oil (Potato-fusel-oil), whose existence ready 
formed in the envelopes of the granules was assumed by Payen {Ann. Chim. Phys. 
53, 82; J. Chim. mid. 9, 507). Comp. Dubrunfaut & Beudant. — According to 
Blondeau de Carolles, all the layers of the starch-granule are chemically the same, 
but differ in density. According to Melsens (JTwf. 1857, 161), starch probably consists 
of a nitrogenous substance (Dean found in the quoted analyses of various kinds of 
starch OTO — 0*25 p. cent, nitrogen) and of a substance allied to cellulose, which 
envelopes the starch strictly so-called; according to Niigeli, it consists of two 
distinct compounds, which form a sort of diffusion, and of which he names that 
one which is soluble in saliva granulose, and regards the one which remains 
undissolved as cellulose ; the latter substance is, however, not cellulose according to 
Mold {Bot* Zeit. 1859, 225 and 233), who doubts the occurrence of this compound 
in starch-granules at all. 

Decompositions. 1. Starcli heated to 160° is cliangcd ( — according to 
Maschkcj iirst into tlic modilication soluble in hot water, then — ) into 
dextrin. (Vaiiquclin & others). 

It becomes coloured and IVotlis up as the temperatxire is raised, 
and, if constantly stirred, yields a melted mass, which, at 220'^ — 230 °, 
consists chiefly of pyrodextrin with a little unaltered and hnrnt starch. 
(Geb.s, iV. Ann. VMm. Phys. 52, 388.) Starch ebied at 100"° remains 
xinchanged at 1G0°, hut, when heated for half an hour to 200^ it 
becomes brownish yellow, without appreciable loss of weight (in the 
same way as undxied starch, at 160°), for the most part soluble in water, 
and its specific gravity rises to 1*555. Air-dried starch, heated in a 
sealed tube to 200 ° for an hour, or starch heated in the air to 205 ° - 215 °, 
is changed into a transparent, melted mass ; and when in this way the 
maximum degree of solubility in water has been reached, it is entirely 
converted into dextrin. (Payen.) 

rOL. XV. Gf 



82 


CARBO-HYDRATES 


Air-dried potato-starcli, heated in a sealed tiihc in a water-hatli for 
a day, shows no outward alteration, hut docs not form a paste wliou 
boiled with water ; and, when this solution is left to stand, the midis- 
solved portion soon settles down. The filtered solution treated wiiti 
an equal quantity of alcohol of sp. gr. 0'8B8, yields a dqiosit, which, li, 
collected after some hours, the spirit being* allowed to dram aavay 
(while still moist, therefore (Kr.), constitutes JMaschke s solubu^ 
starch: a white, salve-like, sticky mass; easily solid ui) m cold water, 
and also in dilute spirit. — When this substance is spread u[)on glass 
plates, and exposed for some liours for the spirit to evaporate, ii« 
contracts from loss of moisture, and tlieii ri'semblos coagulated, alia i- 
min (in being a white, moist, somewhat clastic mass, but not stic-ky), 
and thereby (or when completely dried, when it has the appearanci". ol. 
a hard, transparent, yello'w gnm) loses its solubility in cold 
water, but is still dissolved wiicu boiled witli water. (Masehke). 
Air-dried starch, heated for half an hour to 210° — 211“ in a sinihul 
tube, yields the same soluble starch and dextrin; startdi, drical at 
150°, gives scarcely any thing* but dextrin under these circumstances; 
(Masehke.) 

Wheat-starch dried at 100° loses in six hours, at 150“ — 170°, 2^*3 
p. cent, of its weight, and becomes pale yellow ; arrow-root, treated in 
the same wmy, becomes darker yellow, and loses 1*88 p. cent. (Front.) — 
Starch, heated somewhat above 100°, acquires a reddish colour, smells 
like burnt bread, and is converted into Saussnro’s amidine. (Oavemtou.) 
If it is heated upon hot iron plates and moistened with water, each 
granule is seen under the microscope to he in motion, and to draw 
after itself a projecting streak of a substance soluble in water (RaspaiV), 
which, however, consists of the contents of the granule already modified. 
(Pog'gendorff, Fogg, 37, IIC.) 

2. Starch gives, by dry distillation^ carbonic acid, carbiircttcd hydros 
gen gas, water, acetic acid, and empyreuinatic oil, and leaves a porous 
cinder. 

8. In the open fire^ it becomes soft, swells up, evolves choldiig 
vapours, and at last 'burns with a bright flame. 

4. It is oxidized slowly liy o:ty(/e?i, move quickly by otomzfd o/r, 

yielding but little caidionic acid. The decomposition also takes iilaco hi 
the absence of light, even below 0°, also by the action of atmospheric 
air. Bei'l. AJead. Ber. 1800, 88; abstr, J,pr. Chem,7i), 220.) 

— Starch remains niichangod in ozone (Gorup-Besanez, A nn, Pharin, 1 10, 
108 ; J. p\ Ghem. 77, 407) ; but acquires a smell of apples. (SehonlKun.) 

— By distillation with of manejanese^ mlphmo ackl^ and wfdep 

it yields carbonic acid, aqueous formic acid (Wolilci', 0. G. Gmelin), ami 
furfurol. (Comp. vii. 273 aadx. 370.) 

5. Starch is converted by heating with toaler^ first of all into paste 
(see comUnations)^ the granules swelling up, and this by longer heating 
in the water-bath is transformed into soluble starch and a small quan- 
tity of dextrin (Masehke), completely into dextrin at 150° (Mitschorlich, 
Fogg. 55, 221), at 160° (Jacquelaiii), in general by long boiling (Fayen), 
and at last into sugar. (Jacquelain.) — Starch remaius unaltered for 
four months in water free from air and protected from the aii* at 1G°, 
but makes the water acid, and acquires a peculiar smell if air lias 
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access to it (Guerm-Yany); in contact with water at 45'^for two days, 
it evolves carbonic and acetic acids (Edwards & Colin) ; pure starcli 
evolves nothing, commercial starch only carbonic acid. (Giierin-Yarry.) 
— According to Caventon, starch is partially converted into solnble 
amidin by boiling water, or by water at 60°— 70°, and is transformed 
by contiimed boiling into starch-gum. 

According to Guerin- Yariy, when it is boiled from a quarter of an 
hour to an hour with 100 — ^>00 parts of water, amidine iequmentaire 
remains behind, while amdine soluhle and cmidme are dissolved, the first 
of which rcinaiiis as a residue insohilde in cold water wlien the solution 
is evaporated. For the rest, ainidlne, which is easily and completely 
soluble in cold water, producing a slimy liquid, resembles starch, and 
has, according’ to Biot, a stronger dextro-rotatory power than cane- 
sugar. The amidine soluhle, wliich remains dissolved throiigdi the 
agency of the amidine, possesses, after it has been separated again, all 
the properties of amidine te'gumeniaire ; both resemble cellulose in pro- 
perties and composition, but are not identical with it. (Guchin-Yarry.) 

According to Payen, when powdered starch is boiled with water, 
one part of its constituents is disaggregated and made more soluble 
than another ; the less coherent parts dissolve first, then the more 
solid ; when the maximum of solubiUty is reached, the formation of 
dextrin sets in. (Payen 

The starcli of the Trehala remains unaltered by half an hour’s 
boiling with water ; after not less than two and a-half hours’ boiling it 
is converted into an irregularly formed mass. (Guiboiirt, Com.pt, rend, 
46, 1213.) 

A solution of starcli in 500 parts wmter, prepared by boiling for 36 
hours, remains unaltered on standing. (Jacquelain.) If it be boiled for 
one hour with 80 })arts water, the neutral solution obtained yields a 
deposit on standing in the air, becomes again turbid after 5 days, milky 
after 7 days ; dixdded envelopes (of the starch-granules) may be seen 
in it after* 14 days; after 8 mouths it becomes sour, smells like decay- 
ing cheese, and leaves on evaporation a residue soluble in water. 
(Guerin- Yany.) If starch is boiled with water for four days and the 
filtrate evaporated, soluble bitter gum I’emains behind, (Yogcl, Aim. 
CUni, 82.) — Starch heated to 140“ with fV weight of water, be- 
comes coloured and soluble in water (Jacquelain) ; heated hi' lialf an 
]ir)ur to 140“ with 7 parts water, it forms a mucilaginous solution. 
(Payen, Comp, also Jacquelain, Ann. CJiim, Phi/s. 73, 1G7-) 

When it is lieated with water in a Papin’s digester to nearly 200“ 
the solution, contains only a little grape-sugar, but much brown bitter- 
sweet saccharic acid. (Gmclin.) 

6. Starcli distilled veith sulphur gives off liydroBulphuric acid and 
combnstihlc gases, and a metace tone-like liquid, but no definite sul- 
pliur- compound distils over. (Ulasiwetz, AJead. Ber. 5, 184.) 

Monosnlpliide of potassium and sulphide of calcium act in the same way, 
(Hlasiwetz.) 

. 7. Chlorine gas, cither dry or moist, does not act on starch either at 

the ordinary temperature or at 100“ ; when it is exposed under water to 
the action of chlorine for 8 hours, only -gV is decomposed with evolution 
of carbonic acid. (Liebig, Fogg. 15, 570.) Gum behaves in the same 

way. (Liebig.) — Starch deliquesces," hy absorbing chlorine gas, to a brown sub- 
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stance containing hydrochloric acid, and evolve? carbonic acid. (BoniUon-Lagrangc Sc 
Vogel.) — By distillation with hjdrooMork acid and j^eroxlde of manganese 
it yields chloral (ix. 202) also carbonic and forin’ic acids, in quan- 
tities depending' on tlio proportions of the materials, togxdlicr with 
pentachloiinatod propionic aldehyde (ix. 400), yellow oil and resinous 
matter. (Stadclcr, yl/m. P/^am. 01, 101 ; Uamlw. d. phcni. ^uppi. 
1853, 790.) Starch is but slowly decoin})oscd hylg/pocUorltes,^ (Biebig*.) 
Yields formiatc of lime when heated with 1 part (ihhruh^ of lime ami 
rS parts water; but is entirely decomposed into carbonic acid and water 
if the chloride of lime docs not contain any hydrate of lime. (Basti(.‘h', 
iY. J, Pharm. 14. 20) Woody-libre behaves in the same way, (Bastick.) 

8. Ill the action of nitric acid upon starch, we have to distinguish 
between three different processes : a. Formatwiof XyloUln\ — b. For- 
mation of Soluble Starch and Dextrin ; — c. Formation of Oxalic Acid. 

a. Gold concentrated nitric acid (sp. gr. 1*52) dissolves starch with- 
out evolution of ga>s ; water added to the solution precipitates xyloidiu 
as a white powder. (Braconnot, Pelouze.) If water is added imme- 
diately, nothing remains dissolved ; but if the solution is allowed to 
stand, it gives with water loss and less xylo'idin, and at last none, 
while a substance resembling saccharic acid remains in solution. (Pe- 
lonze, Conypt rend. 7, 713.) 

h. If starch is mixed with its own weight of concentrated nitric 
acid and twice its weight of ordinary nitric acid (NO®, 4110) and allowcul 
to stand for 24 or 30 liours at the mean temperature, or if it is mixed 
with enough common nitric acid to form a thick mud, and heated in the 
water-bath until red fumes are evolved, disorganised, insoluble starch is 
at first produced, then starch soluble in hot water, and lastly starch 
soluble in cold water. (Bechamp.) — Starch that has been moistened 
with p. c. nitric acid and water, and then allowed to dry spon- 
taneously, yields dextrin when heated. (Payen.) A mixture of starch 
with 2 p. c. nitric acid and 4 p. c. water, dried at first in the air, after- 
wards in a water-bath, gives with 5 parts of warm water a solution 
which solidifies to a jelly lilm lichenin on cooling, and yields sugar when 
boiled with acid. (Mitscherlich, Pogg. 55, 121.) 

c. Hot nitric acid, either concentrated or dilute, employed in 0 X(X!S 8 
evolves nitrous gas and forms oxalic acid. (Scheclc, Yauquelin) ; to- 
gether with malic and acetic acids. (Scheclc.) 8 parts of nitric acid of 
sp.gr. 1*34 produce 36*81 p. c. of crystallised oxalic acid, ((buji'in- 
Yarry.) — Hyponitric acid acting on starch neither evolves gas nor pro- 
duces oxalic acid. (Bouijs-Ballot, J.pr. Chem. 31, 211), 

9. Oil of vitriol or dilute sulphuric acid converts starch into soluble 
starch, sulphamidonic acid, dextrin, and sugar. Heated oil of vitriol 
chars and destroys it, evolving sulplim'ous acid. 

a. If starch is mixed with oil of vitriol so as to avoid heating, 
iodine no longer indicates its presence in the mixture (which is at first 
yellow, then reddish-yellow) when it has stood for half an hour or two 
hours. Sulphamidonic acid is produced, of vai'ying composition ac- 
cording to the quantity of oil of vitriol and the duration of the action. 
(Pehling.) Soluble starch is formed by half an hour’s action of oil of 
vitriol on starch. (Bechamp.) 

Concerning sulpliamidonic acid, see below. Saussurc, by Warming 1 part 
of starch with 3 parts oil of vitriol previously diluted with 36 parts 
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water, and precipitating the solution with alcohol, obtained crystals 
mixed with starch, which, after wasliing with spirit, were dissolved in 
a small quantity of water, reproduced by siDontaiieous evaporation, and 
freed i^from adhering sulphuric acid by means of alcohol. These cry- 
stals, Saussurc’s sulphate of starch, dissolve in water with separation 
of a little starch, which is coloured red by iodine. Fritzsche did not 
succeed in obtaining them. 

b. Starch warmed with dilute sulphuric acid, loses its organized 
structure without dissolving' ; it is next gradually changed into soluble 
starch, and then still further into dextrin. This last is finally partly 
converted into sugar. (Bechamp.) The unfennentable substance 
itself seems to be composed of two bodies having a slight rotatory 
power. (Bechamp.) 

The formation of sugar in this way was discovered by Kirchhoff. 
Sugar and dextrin are direct products of the metamorphosis of starch, 
and are simultaneously formed ; for the formation of sugar proceeds 
quickly, as long as unaltered starch is present ; slowly, when the acid 
solution is no longer coloured blue by iodine, 1 At. sugar is produced 
for every 2 At. dextrin. (Musculus, N. J, Pharm. 37, 410 ; Chenu 
Centr, 18G0, 602. — CompL rend, 54, 194; ZeitscJir. Cli, Pharm. 5, 169.) 

The formation of sugar takes place without alteration in the form 
of the starch- granules, of which only the actual starchy matter is 
decomposed. (Melsens, Inst. 1857, 1861.) It takes place also when 
the air is excluded and without evolution of gas (Vogel) ; when air 
is excluded, but with the evolution of a small quantity of carbonic 
acid (Dobereiner, Sekw. 5, 281). The quantity of sulphuric acid 
remains unaltered by it, but the starch takes up water. (Saussure.) 

The formation of sugar is complete if 100 pts. starch are boiled : 
(1) for some days with ^ pt. oil of vitriol, and 300 pts. water; (2) for 
36-40 hours with 1 pt. oil of vitriol and 400 pts. water; (8) for 20 
hours with 2-^- pts. oil of vitriol and 400 pts. water ; (4) for 7-8 hours 
with 10 pts.*bil of vitriol and 600 pts. w’-ater. (Kirchhoff.) — Water 
containing p. c. oil of vitriol does not produce any sugar from starch 
at a temperature of from 38° to 50° even after three weeks. (Daniell 
Ann, Chim. Phys. 10, 219.) 100 pts. starch afford 120 pts. syrup 
or 90 pts, sugar (Kirchhoff); 110'14 pts. sugar dried at 100° (Saussure); 
91*52 to 115*7 pts. sugar (Guerin-YaiTy) ; 104-01 pts. (Brumicr, 
Pogg. 34, 319.) 

Starch granules tx-eated with cold dilute sulphuric acid show no 
alteration under the microsco]3e ; with stronger acid, they swell up ; 
still stronger acid causes a jelly to separate, at first at only one point, 
but afterwards the whole changes to a jelly in wdiich the envelopes 
can no longer be seen; still stronger acid forms a clear solution. 
(Guibourt.) 

The action of ^ pt. oil of vitriol and 2*8 pts. water upon starch at 
60° causes only a few of the granules to break up ; at 75° they are for 
the most part converted into a jelly which solidifies on cooling, and 
contains envelopes, some of which are partly, others entirely, opened, — 
also entire granules diffused through a white, powdery mass. At 90° 
the jelly no longer solidifies on cooling; almost all the granules are 
hurst ; and the liquid filtered at 92° or 100° leaves the tom envelopes 
on the filter, cemented together by dextrin : cold water extracts 
nothing from them ; hot water gradually dissolves out the dextiin, 
(Biot & Persoz.) To make all the granules hurst, water containing 
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30 p. c. siilplinric acid must be nsed, (Paycn.) — Starch wanned with 
pt. oil of vitriol and 10 pts. water forms a paste at 70°; becomes 
quite fluid again at 90°, but, if quickly cooled, soliclifics to a jelly, whidi, 
after washing with alcohol and drying, is insoluble in water a.nd docis 
not form paste, but by continued heating finally beconuis quit(3 fluid, 
with the exception of -j-’q, and forms a horny mass when dry. 

When starch is heated to 100° with dilute sulphuric acid, the liquid 
still gives at first a blue colour wdth iodine : after half an hour iodine 
colours it violet ; after 45 minutes, violet red ; after 75 iniimteB, dark 
red ; after 105 minutes, reddish brown ; after 135 — 435 minutes pale 
yellowish brown. With alcohol, it gives at first a large precipitate, and, 
as the heating is continned, a smaller and smaller one, so that after 75 
minutes, only a turbidity is produced, and after 135 minutes, no visible 
precipitate. The first precipitate is quite insoluble in wmter ; those 
produced afterwards are more and more soluble (soluble starch) in 
jiroportion to the length of time the liquid has been heated. The 
rotatoiy porver of the liquid also diminishes as the hca.t is coniinued: 
after 10 minutes [a] = 216° to the right; after 15 ininiites, 210*8° ; 
after 20 miimtos, 204*3°; after 30 raimites, 196*9° ; after 45 miimtcs, 
179*8° ; after 75 niiuntes, 167*6° ; after 105 minutes, 143*6° ; after 
1B5 minutes, 13T8°; after 165 minutes, 96*3° ; after 195 minutes, 
96*1°; after 255 minutes, 76*5°; after 315 minutes, 73*7°; after 435 
miiiutes, 73*7° to the right, and remains constant if heated for a longer 
time ; it is thus greater than the rotatory power of grape-sugar 
{ [a] = 66*3° to the rigiit) sinco the solution contains, besides the latter 
substance, a second optically active body, not further dccomposible by 
acid. (Bechamp.) 

If 1 part of potato -starch is heated for an hour in a water-bath, 
with 2 pts. alcohol of sp. gr. 0*833 and a little oil of vitriol, the spirit 
then poured off, and the starch -vdiich lies at the bottom thoroughly 
washed out with water, it docs not outwardly appear to havo under- 
gone much alteration, but when triturated •with cold water, it imparts 
to the latter an organic acid, and gives a perfectly clear solution when 
boiled with water. Tho solution prepared with from 4 to 6 parts of 
water, solidifies to a jelly on cooling. Starch treated as above consti- 
tutes Maschke’s artificial lichenin, or modified starch, which is 
insoluble in cold, but soluble in hot wnatcr, and is coloured lilrio by 
iodine. — The distillate obtained by boiling potato -starch, with dilute 
sulphuric acid contaiim fat. (Comp. Paycn, Compt rend, 23, 337 
Eousseau, JPogg, 32, 201.) 

By distilling starch (also gum or woody fibre) with oil of 
vitriol (phosphoric acid or chloride of tin), a volatile oil is niflained, 
and tlien formic acid (sulphurous acid? Gm.), the mass becoming 
carbonise^ (Emmet, Sill Am. /, 32, 140 ; ■ /. j)r. Clieni. 12, 120.) 

a. Nitrosulplmric ^ acid converts starch into an explosive compound 
corresponding to, or identical with, gun-cotton. (Do Vrij, Compt. rend. 
24, 19 ; comp, also Payen, Compt. rend, 24, 87.) 

10. Phosphoric acid does not change starch into sugar. 
(Kirchhoff.) 

hydrochloric acid converts starch into sugar. 
(Kirchhoff.)— Potato-starch, — and also rice-starch (Scharllng) — when 
boiled with water containing* hydrochloric acid, evolves, oven after 
^voral days, when again heated, a smell of formic acid. Arrow-root 
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does not emit tins odonr under the same circumstances (Schmidt, iV*. Br, 
Arch, 19, 195), so that an admixture of 15 p. c. potato- starch in arrow- 
root-starch may be thus detected. (Oswald, i\b Br, Arch, 40, 166.)-— 
Potato-starch gives with 1*5 or 2 pts. concentrated hydrochloric acid, a 
tough, almost transparent mucilage, which smells of formic acid; 
rice-starch gives a similar product, but turbid ; with dilute hydrochloric 
acid, potato-starcli gives in 2 or 3 minutes, — rice-starch in 25 or 30 
minutes, —and rice -starch containing 25 to 30 p. c. potato-starch, with 
hydrochloric acid of 13’5° B., in 40 or 50 seconds — a tough mucilage. 
(Scharling, Ann. Pharm. 42, 272.) 

12. Oxalic acid converts starch into sugar. (Kirchhoff, Converchel.) 
— The conversion of 1 pt. starch into sugar requires 0*005 pts. oxahe 
acid, 1 to 12 pts. water, and that the mixture be heated to 130'" for 
2 hours. Starch heated to 130° with 0*005 pt. oxalic acid and 5 pts. 
water is converted in 20 minutes into gmmlec defecule; after an hour 
it is changed into dextrin, with which iodine gives a purple-red colour, 
and after two houi's into dextrin which is no longer coloui’ed by 
iodine. (Jacquelain.) — 13. Starch heated for an hour to 125° with 
-J- jot. tartaric acid (or malic acid) and 5 pts. water is changed into gum 
(dextrin?). (Converchel, J. Pharm. 7, 267.) 

14. Glacial acetic acid loaves starch unaltered (Fritzche, Payeii, 
N. Ann. Be. nat. Bot. 10, 161), even on boiling (Persoz, Coinpt. rend. 
17, 1067); by several hours heating to 100°, the same acid renders it 
partially soluble in cold, and partially soluble in liot, water (Bechamp) ; 
in 50 or 60 hours at 180°, it forms, with elimination of water, a 
small quantity of a compound similar to, or identical with, aceto- 
glucose. (Berthelot, N. Ann. Ckim. Phjs. 60, 100.) — The solution 
obtained by heating starch with moderately concentrated acetic acid 
to 100° for 3 hoxirs, contains, even after being heated for 28 hours, 
nothing but soluble starch, and has lost but little of its rotatory 
power. A solution in acetic acid containing 4 at. water loses, by 
being heated to 130° for 12 to 28 hours, 52° [a] of its rotatory power 
— also the property of giving a blue colour with iodine, and a precipi- 
tate with alcohol; it also leaves on evaporation an unfermentablo 
residue. (Bdehamp.) — Aqueous acetic acid produces wdth starch, 
first dextrin, afterwards sugar (Persoz), no sugar (Kirchhoff; Biot, 
Compt. rend. 17, 1067), and, after boiling, the starch-granules appear 
under the microscope to be covered with smooth needles (loosened 
and separated biyers of the granule). (Pritzschc.) — In general, %carm 
dilute mineral acids and organic acids remove from the starch-granules 
their starcli pro})erly so called, which turns blue ■with iodine, without 
however alterhig their form or structure. Granules which have been 
thus treated are merely coloured yellowish or reddish by iodine- 
water ; but if moistened with iodine-water, and afterwards carefully 
with oil of vitriol, they are coloured blue, and in the latter case retain 
their form. (Melsens, Inst. 1857, 160.) 

15. Starch slowly absorbs gaseous fiuorkh ofhoron at the ordinary 
temperature, and liquifie^s without becoming coloured. 

16. Starch heated in a sealed tube with strong aqueous ammonia 
to 150° for several days, yields a solid, brown, gummy, deliquescent 
mass, having a bitter taste, easily decolorised by animal charcoal, and 
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precipitable from its solutions by tannin. It smells lik(3 roast mcatj 
does not evolve ammonia by contact with solution of potash or 
hydrate of lime, hut when fused with solid potash, yields as much, as 
corresponds to 2-J to 3 p. c. nitrogen. (SchutKcnhergcr, Zeitschr. Oh* 
PJmrm. 4, (15; conip. also F. Theiuird, Conipt rend. 52, hid-; Pip. Ohm. 
pure, 3, 207.) 

17. Starch Iieated to a temperature much below redness with 4 or 
5 times its wcigdit olpoiash-hydraie and a little water s’wells up, and 
forms oxalate of potash, with evolution of hydrog'cn ((]ay-Lnssac ; 
comp. ix. 112), at the same time yielding carbonate, foriniate, acetate, and 
propionate of potash, and in general the same products as cane-sugar 
yields under similar circumstances. (Gottlieb, Ann. Pharin. 52, 121.) 
— When starch is boiled for several horns with strong }.)otash-ley, it 
gives at first a thick and afterwards a fluid paste, from 3vhich alcolio* 
precipitates disorganised starch. This cannot he freed from alkali by 
wmshing wuth spirit, but may be obtained free from alkali by neutral- 
ising the alkaline solution with acetic acid before precipitating with 
alcohol. It is but slightly or not at all solnblo in boiling watei', 
becomes therewith translucent without forming a paste, and turns 
blue with tincture of iodine. Rotatory power [a] = 211° to the right. 
(Bechamp.) — Starch digested for 12 hours at 50'^ or 60° with 5 p. c. 
potash-ley yields dextrin. (Paycn.) 

Starch gives with potash-ley an opalescent solution, which does 
not gelatinise (Schmidt, Ann. Pliarm. 51, 31), and has no rotatory 
power (Yentzke, J. pr. Chem. 25, 65). Potato-starch gives in -J- a 
minute with -I pt. potash-hydrate and 12*75 pts. water, a very thick 
turbidly translucent, — whcat-starcli, in half an hour, a milky, — 
opaque jelly; — arrow-root, a permanently fluid mixture ; — thestarcliof 
tlio bryonia, immediate^, a very thin, pale yellow, dear jelly ; — kidnoy- 
bean-meal, a greenisli yellow, opaque, thin, — manjok-jneal, a thick, 
slightly translucent, mucilage, with which are mingled swollen-up 
granules. (Mayet, N. J. Pharm. 11, 81 ; J. p*. Chem. 40, 435.) In 
contact with a solution of 0*018 to 0*020 pt. potash-hydrate in 10 to 
15 pts. water, wheat-starch remains unaltered; arrow-root forms a very 
turbid, and bean-starch a translucmit, vsolid jelly. (Paycn, Compt.rend. 
48, 775.) — Starch-gTanulcs, whicli arc insoluble in vcjy dilutee 
potash-ley, swell up in some-what stronger ley (2 p. c., Bechamp), and 
at last dissolve without previously bursting. (Guibourt.) hVluni 
alcoholic- potash at 100° is poured over them, an air-hubblc becouK^s 
apparent inside them, and does not disappear if thc^ granules lie in tlu‘. 
liquid for weeks ; but when water is added, they absorb it and swell 
up greatly, so that, without the bubble of air having escaped, tlio 
space it occupied becomes invisible. (Fritzsche.) — Since the envelopes 
contain nitrogen, starch-granules evolve ammonia when fused with 
potash-hydrate. ( J acqiielain.) 

18. Starch deflagrates when fused with saltpetre and potash-hydrate, 
forming a small quantity of alkaline cyanide. (Roussin, Compt. rend. 
47, 875.) — It is not altered by permanganate of potash. (E. Monior, 
Oompt, rend. 4G, 425; J*. Chem. 73, 479.) 

19. Soda-hydrate decomposes starch in the same way as potash- 
hydrate. (Becliamp.) Starch-granules swell up in dilute soda-solution 
(containing 2 p. c. of soda-ley of 35° B) to lOOtiincs their original bulk 
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without bursting; less concentrated soda-solution, tliaii is required for 
old starch, suffices to make fresh starch granules, or such as have 
been diiecl over sulphuric acid in vacuo, at 120°, swell up. The 
presence of ammonia-salts prevents the swelling up. (Payen.) 

Starch yields less oxalic acid when heated with soda-hydrate, than 
it does with potash-hydrate. (Possoz.) In like manner, a mixture of 
1 })t. soda witii I, or a smaller quantity of potash, produces less 
oxalic acid than potash alone ; but 1 pt. soda mixed with 2 or 3 pts. 
potash, produces more than is 23roduced by potash alone. (Possoz.) 

20. When an intimate mixtme of starch with 8 pts. qnieJelme is 
cautiously distilled, it froths up greatly, and yields an oily distillate 
containing metacctone, and in smaller quantity, acetone (Fremy, Am, 
CJmn, Phys. 59, 6 ; A7in. Fharm, 15, 278). 

21. Chloride of dm converts starch into disorganised starch ; by 
ebullition, into soluble starch, not into dextrin. (Bechamp.) — With 
10 pts. of an aqueous solution containing 25 p. c. of fused chloride of 
zinc, starch gives immediately a thick paste, which does not liquefy on 
heating, but becomes fluid if heated for 12 or 18 hours in a water- 
bath, and from which alcohol precipitates disorganised starch; if, 
however, it has been boiled over the naked flame for 2 or 3 hours, 
alcohol precipitates dextrin from it. (Bechamp.) 

22. When triturated in the cold, or when heated with aqueous 

hieJUoride of tin, it forms a compound intermediate between sugar and 
dextrin, or between gum and sugar, the composition of which is 
represented by the formula (v. Payr, Wien, Akad. Per. 21, 

269; J, 2 )r. Cfiem, 69, 425.) 

Starch triturated with aqueous bichloride of tin, and filtered from 
the slight residue which remains, gives, on addition of absolute alcohol, 
a white precipitate, which, after bemg washed with absolute alcohol and 
dried over oil of vitriol, contains, according to v. Payr, 8SnO^ 

— If the mixture is heated to 100°, alcohol causes a precipitate whose 
composition, when dried at 100°, is represented by 7SnO“. — 

The first precipitate, suspended in water and decomposed by hydrosul- 
phixric acid, yields bisulphide of tin, and a transparent, colouxdess liquid, 
which leaves, when evaporated in vacuo, a white piilverisable mass. 
This product is easily soluble in water, is not altered by iodine, and is 
changed into sugar when boiled with dilute mineral acids, (v. Payr.) 

White sulstancc, 

V. Payr. 

24 C 41*02 40*90 

23 H 6*55 6*67 

23 0 52*43 52*43 


C"^H2^0‘3 


.... 100*00 

, 100*00 


Tin^salt. 


Y. Payr. 

Tln^sali. 

1 


V. Payr, 

dm 

60 C 

. 23*43 . 

... 23*30 1 

24 C 

... 15*64 . 

.... 15*50 

64 H 

4*18 , 

4*14 1 

28 H 

... 3*04 , 

.... 3*18 

64 0 

33*33 , 

.... 33*98 

28 0 

... 24*34 . 

.... 24*24 

8SnO« 

39*06 , 

.... 38*58 

7Sn02 

... 56*98 . 

.... 57*08 


.. 300*00 

.... 100*00 

C2.ih28028,7SdO^ . 

... 100*00 . 

.... 100-00 
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23. Starch heated for a long time with aqueous osmlc acld^ yields 
carbonic acid, oxalic acid, and a peculiar acid wlioso ammonia-salt is 
soluble in alcohol. (Buttlerow, J. ]p\ Clwui. r)G, 271.) 

24. Aqueous soliihld Pnimcni blue is decolorised by starch (Vin- 
cent); by potato-starcli only, not by wlieai-starch (Waeli, 

51, 444), because the latter coniaius gliitiu. (llbiiger, ,/. Ohm,. 

10 , 110 ). 

25. Starch heated with (JmclionaMilJadoids evolves red vapours, wliicli 
condense to a red liquid. (Batka, Chcni. Omiw 1859, 805.) 

26. In contact witli diastase, at 05° — «S0°, starch is couverted into 
dextrin and grape-sugar, starcli- granule envelopes wliich arc no longer 
coloured blue by iodine remaining behind. (Payon & Persoz.) Accord- 
ing to Paycn, dextrin is formed lirst, and is subsequently ebanged into 
sugar; according to Balling, dextrin, dextiiii-gum, and dextrin -sugar 
are formed one after another X^^dhraiujs-cJmde, Prag, 1845. 2, 15.) 
Starch splits up, according to Musculus (Ah J, PIiarnL 37, 419 ; Clieni, 
Centr, 1860, 602, — Compt. rend, 54, 194; Zeitschr, Ch„ Jdhann. 5, 109) 
into 2 at. dextrin and 1 at. sugar, the first forinaiion of the latter not 
being due to further alteration of the dextrin. 

The transformation of starch into dextrin and sugar by means of 
diastase takes place witliout any change of volume, also in vacuo, also 
at the common temperature ; by using starch-paste also at 0° (Gucrin- 
Varry) ; without previous formation of gum (Trommer, Ami. Pharm., 
89, 360) ; without”' evolution or absorption of gas. (Payen.) It is 
hastened by increasing the quantity of water (Duhraiifanfc) ; by previous 
gelatiiiisation of the starch (Payen); and is complete in 3 hours at 70° — 
80° with 1 pt. starch, 10 pts. water, and 0-005 pt. diastase. (Payen.) 
It is arrested by heating to ebullition (Payen); not interfered with by 
the presence, for every 100 pts. starch, of 1 pt. grecu vitrol, glaokii 
acetic acid, formic acid, prussic acid, creosote, ether, sulphate of quinine, 
sulphate of morphine, oil of tiupeiitiae, of lemons, of {uiise, of cloves, 
or of mustard ; it is slightly hindered by bicarbonate of soda, iodide of 
potassium, calomel, cyanide of morenry, sulphate of soda, sulphate of 
magnesia, acetate of lead, arsenious acid, arseuit.c of soda, and alum ; it 
is numb hindered by quicklime and magnesia; it is eniiroly prev^M itndby 
tannin (Payen), bromine, soda, sulphuric acid, nitric acid, hydrochloric 
acid, oxalic acid, phosphoric acid, nitrate t>f silver, coitohIvo sublimates 
and sulphate of copper. (Bouchardat, Compt. rend. 20, 107; abstr. 
N, Ann. Ckm. Phys. 14, 61); it is not interfered with by small 
quantities of the alkaline cai-bonatos, of acids, or of various neutral salln. 
(Payen k Person.) — Diastase can render liquid GO times nmre starch, 
than can oil of vitriol (Payen & Porsoz) ; it can render lifiuid 2,000 
times its own weight of starch, and in 2 hours can liquefy staroln 
paste mixed with chloride of sodium, even at — ^5° or — 9°, without 
however converting it into sugar. (Griierin-Varry.) 

The transformation of starch into sugar by malt (Kirchhoff), and 
also during the germination of grain (Saussium), is likewise due to 
diastase, the quantity of which becomes greater and greater as the 
germination of the grain proceeds, whereas dextrin and sugar are 
consumed. (Payeu.) — The formation of sugar in the germination of 
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wheat, caused, according* to Saussure, by a mucilaginous substance 
contained in it, takes place more slowly when air is excluded, and not 
at all in vacuo, in which case acetic, formic, lactic and carbonic acids and 
alcohol are produced. Concerning the action of diastase upon starch, see Traube 
{Poffg, 103 , 331 ; N. Br, Arch. 96 , 56 ). 

'Under the microscope, it can be seen that the envelopc>s of the 
starch -granules are not Oi:)cned by the action of aqueous diastase upon 
starch, and hence that diastase acts by endosmose and causes the forma- 
tion of sug'ar in the interior of tlie granules even at common tem- 
peratures ; at 75° the envelopes are torn open, and the action of the 
diastase is more energetic. (Dutrochet, Ann. Sc. Nat. 30, 354.) ISfo 
change in the form of the starch- granules takes place, it being only 
the starchy matter strictly so-called that is decomposed. (Melsens, 
Inst. 1857, 161.) 

If the diastase-solution is heated to at least 54°, the granules burst 
without tearing, and the diastase then acts, not throug'h the envelopes 
of the granules, but directly upon their contents ; it can produce sugar 
only from starch-paste, not from entire starch-granules, and cannot, 
therefore, cause the formation of sugar from starch in germination. 
((juerin-Varry.) 

The quantity of sugar produced from starch by means of diastase 
depends on the quantity of diastase, the duration of its action, the 
quantity of water, and the temperature.' — 100 pis. starch boiled to a 
paste with 1000 pts. ■water, and warmed to 70° — 75° for fifteen hours 
with r7 pt. diastase, gave 17*58 pts. sugar ; 100 pts. starch, heated 
for an hour to 60° — 65°, with 3900. pts. water and G’13 pts, diastase 
in 40 pts. water, gave 86*9 1 pts. sugar; 100 pts. starch boiled to 
a' paste with 1303 pts. water, mixed with 12*25 pts. diastase in 367 
pts. water, and kept at 20° for 24 hours, gave 77*64 pts. sugar; the 
same mixture in 1 hour at 0° yielded 11*82 pts. sugar (Guerin- Yany). 
100 i.)ts. starch with 25 pts. baiiey-malt and 4500 pts. water, yield 
,90 pts. sugar ; the use of more malt docs not increase the quantity of 
sugar. (Dubrmrfaut.J 

The examination of tlie products of the action of diastase upon 
starch at 70° — 75°, as soon as iodine no longer indicates the presence 
of starcl), or when the diastase has acted still longer, always shows 
that sugar and dextrin are present in the proportion of 1 at. to 2 at. 
(Musculus.) It appears, therefore, that the transformation of starch 
by diastase docs not consist in the formation first of an isomeric sub- 
stance, dextrin, and tlie subsoquont conversion of this substance into 
glucose by assumption of water, but in the resolution of 3 at. staixh 
= with assumption of 2HO, into 2 at. dextrin = 

and 1 at. glucose (Musculus, Goinpt. rend. 54, 194 ; Zdtsch\ 

Ch. Fhavin. 5, 170.) Erlenmcyer {loc. cit.) regards this transformation 
as, perhaps, showng that starch, dextrin, and glucose are represented 
respectively by the formnlm and and 

consequently that starch and dextnn arc not metameric but polymeric 
with each other. 

27. In contact with ghtin^ at a moderately high temperature, starch 
is converted into gum (dextrin ?) and sugar. (Kirchhoff.) — Giutin 
renders starch-paste fluid, and causes the formation of sugar. (Bou- 
chardat, Compt. rend.- 20, 107 ; N. Ann, CMm, Phjs^ 14, - 61.) 
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Ill the fermentation which takes place when starch is hit in 
contact -with glntin under water, hutyrio acid (x. 70), carlionic acid, 
and hydrogen are formed. (Erdmann & Marchaud, /. pr, Chem, 
29, 466.) 

28. Saliva transforms starch into dextrin and sugar (Ilandhnchj^' 
viii. 19). (Miahle, CompL rend 20, 1485; 22, 252. — Lassaigne, 
J, Ghm.mecl21^ 305 & 359; Oompt. rend 20, 1347.) — JU 4 0^' —50” 
saliva leaves starch -granules apparently unaltered, but extracts from 
them the true starchy matter (graimlose), and leaves a residue of 
cellulose. (Nageli.)““PepsMi deprives starch-granules of the substance 
which turns blue with iodine, but docs not change their form or 
structure ; the granules which remain are coloured by iodine-water 
from pale yellow to red, but are again coloured blue without change of 
form, when moistened with iodine-water and then cautiously with sul- 
phuric acid. (Melsens, Inst. 1857, 161.) 

29. Starch-paste is transformed into sugar by heer-yeast (Bou- 
chardat); hy animal gehitm (Kirchhoff, Matthicii do ])onil)asle), — by 
fresh, dry, powdered, or decaying gelatin (Bouchardat) ; — by the 
gastric juice when it contains saliva^ not when pure ( Jlanclbucli-) viii. 21), 
by pancreatic juice {Handbuch, viii. 82 &99) (Lassaigne, Oompt. rend 
20, 1350; J. Gliim. med. 21, 309); by the substance of the Mdwjs 
(Marchaud, JSf. Br. Arch. 52, 195 ; Bharm Gentr. 1847, 491); hy animal 
mucous membrane {Ilandbuch, viii. 82), urine, bile, semen, serum of 
blood, and animal tissue; by watery infusions prepared at 40”, from 
the heart, brain, lungs, liver, kidneys, spleen, and nmscles, (Magcndie, 
Compt. rend. 28, 189 ; abstr. jV. J. Pharm. 11, 40. (Eandbuch, 
viii. 21.) 


Combinations, «. With WaUr. — Commercial or air- dried starch 
retains water mechanically adhering, but no combined water; it 
retains no water at all when dried at 100°. (Mulder.) Starch from 
cereals contains 13*66 p. c. water, and potato-starch 16*41 p. c. at 22° 
and 88° of the hair-hygrometer (Saussure) ; air-dried wheat-starch 
contains 12*5 p. c. water (Front), 14*2 — 17*8 p. c. (Wolff, J. pr. Chern. 
71, 86) ; arrow-root 18*2 p. c. ; air-dried starch 28 p. c. (Gucriu-Varry), 
21*55 p. G. (Mulder, /. Ghm. 15, 300). 

Starch does not dissolve when shaken up with cold water, but 
partially when continuously triturated with it. In hot water it swells 
up and forms paste, — The formation of paste with hot water 
depends on its organised structure, but its insolubility in cold water 
does not. (Bechamp.) 

Starch absorbs water when exposed to moist air. The absorption 
of water occiu’s in stoicliiometrical proportions, and takes place vciy 
quickly with starch that has been previously dried at 150°, so that tlie 
starch- granules are in part tom open. (Pay on.) 

f Quantities of water absorbed, according to Nossian (/. pr. Chem. 
83, 41), by 100 pts. of various kinds of starch, when exposed to moist 
air, after previous desiccation at 100° : 


* The word “ Handbuch refers to the last German edition of this work. 
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Variety of starch. 

In air containing 

73 p.c. of its maximum , 
of moisture. 

In air saturated 
■with moisture. 

Wheat-starch absorbs . , 

6*94 

18*92 

Rye-starch „ 

10*01 

19*36 

Potato-starch ,, 

10*33 

20*92 

Maize-starch „ 

10*53 

19*55 

Buckwheat-starch „ 

10*85 

20*02 

Rice-starch „ 

10*89 

19*84 

Acorn-starch „ 

11*96 

22*98 


The above quantities of water correspond approximately with the 
formulas 4JIO and SHO, which require respec- 

tively 10*00 p. c. and 18*18 p. c, water. 

Wtli most varieties of starch the absorption of moisture is com- 
plete in 5 days. (Nossiaii.) ‘f. 

Starch which has been dried at 100° — 120° becomes warm when 
moistened with cold water. ~ When potato-starch is evenly mixed 
with cold wmter, it settles down to the bottom more quickly than 
wheat-starch. (Wolff, J.pr. Ghem. 71, 8G.) Wheat-starch stirred 
lip with water, and then allowed to subside, settles down more com- 
pact than potato-starch, and is more difficult to mix np again. (Pohl, 
J. pr, Chm. 83, 40.) — Starch treated with an excess of water 

always takes up the same measure of it, insomuch that 10 gTm. dried 
starch always swell up to 14*857 cc. when covered with distilled water, 
10 grm. moist starch swell up to a smaller bulk ; upon this behaviour 
is founded the method of testing the quantity of water contained in 
starch by means of the Fecidometer. (Bloch, Compt. ?md. 89, 969 ; 
JPJiarm, Centr. 1855, 29.) 

Triturated with a small quantity of cold water, starch forms a 
stiff mud, which hai'dens on drying; when starch is rubbed up for a 
long time with a larger quantity of water, or when powdered starch is 
thoroughly washed, it dissolves, all except the envelopes of the 
granules. (Guibourt ; Berzelius Jahresher. 10, 201 ; Guerin- Varry, 
Jacquclain, Redwood, Phavm.J. Trans. 4, 505 ; abstr. Bepert. 89, 84; 
Roinsch, W. Jahrh. PJiarni. 3, 65; Delffs, Pogg. 109, 648; Pf. Jahrb. 
Pharm. 13, 145 ; Jessen, Pogg. 106, 497 ; abstr. Bep. Chim. pure^ 1, 
432, and 109, 3G1.) — Guerin- Yany rubs air-dried starch in au 
agate mortar for 2 hours with 8 pts. water at 0°, then adds 40 pts. 
water, decants, filters, and washes the residue with water as long as 
the filtrate continues to turn blue with iodine. Jacquelain triturates 
starch for some hours with fine sand, adds water to it, mixes the 
resulting mucilage with a large quantity of cold water, and filters 
through a threefold filter ; Delffs triturates it continuously with quartz- 
sand and enough water to make an easily fluid mud, and filters after 
leaving it to subside for 24 hours. —The insoluble envelopes of the 
starch-granules are thus tom (Guiboui*t, Jessen), and the contents dis- 
solve in water without alteration (Guibourt and others), aided, accord- 
ing to Knop {Ghem, Centr, 1860,-367), by the heat resulting from the 
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friction. According to Wicko {Pogg. 108, 350) nothing k (liBSt>lved, 
and the filtrate merely hold, <3 starch in suspension. 

Guibourt calls the aqncons starcli which is held in sohitioii f(X,uie 
and regards it as the constitiKM it of the inside of the starch- 
giranujc, and as identical with ihispail’s gum, Baussurc’s aniidin, and 
Oaventou’s amklm wodt/le; according to Guerin-VaiTy, it is amhline 
mixed with amMine mlnhk^ which it cans('S to be dis, solved ; lhiy(m 
names it tnnidonj and Delffs amyloge.n. 

The solution is clear and deposits nothing; no solid piiriich^s (ian 
bo detected in it by the microscope ; it givers a piXMiipitn-ic^ with ai(‘ohol 
(Jossen), and turns bliKi with iodine. A small qnantity of iodine 
causes only a temporary blue coloration, because the iodine becomes 
Ixydriodic acid after a time ; more iodine, however, colours it perma- 
nently blue. (Jacrjnclaui.) The solution prepai’cd from wlieat-starcli 
colours tincture of iodine pale yellow or reddish yGlow, lluit preparcul 
from potato-starch gives a dark blue colour under .similar conditions. 
(Eedwood.) The solution from potato-stai'cli turns blue, ^vliih^ that 
from wheat-starch is not coloured at all, because the si arch -gran tiles 
of the latter are surrounded by gluten (because they arc smaller tlian 
those of potato-starch, Gm.), a property whicli makes it possible to 
detect 5 p. c. of potato-starch in wdicat-starch. (Martins, N, J. 
Tham. 11, 322.) --The solution concentrated by evaporation is gummy 
and gelatinous when cold,, and, after three days, forrn,s an opaque mud ; 
it dissolves partially in cold water, leaving behind an opaque jtdly, 
winch, when diluted with water, deposits a white powder, soluble in 
hot water, (Guibourt.)— The solution evaporated to dryness l{'av{^s ti, 
residue (transparent scales: Jaoqudam) which is only partially 
soluble (scarcely soluble: Jacquelam) in cold water (Guerin- Varry, 
Payen), and also only partially soluble in boiling water, leaving behind 
trail, slucGiit liiisks resembling tlio envelopes of the starch -granules. 
(Guibourt.) The insoluble portion (amfdme solahle) amounts to 38'29’ 
p,c. ; the soluble portion (ennidme) to 01*71 p. c. (Guerin- Varry,)— Tim 
solution preserved out of contact with tlie air becomes turlnd in (>() 
hours at 20°, deposits flakes which turn blue with iodine, and are only 
partially soluble in hot water; after 8 months, without having fer- 
mented, it is no longer coloured Lluo by iodine. Even wlien kept so that 
air has access to it, the solution does not fermmit ; at lii'st It turns 
blue with iodine, but does so no longer after 45 days, ((bicrin -Varry.) 
— The solution cooled to 20®, and then thawed, leaves the grealer 
part, but not all, of the amidim soluble . {des Jlhm .hu:,( pm- 

lain) as a white insoluble mass, while ■ the solution contains (aiiidm, 
(Guerin- Varry.) - , . 

The aqueous starch prepared with cold water, according to Delffs^ 
directions ("p. 93. — Delffs’ amylogenj, gives the following* reactions: it 
colours solution of iodine blue, gives white precipitates with baryta- 
water and basic acetate of lead ; reduces tartrate of potash and copper ; 
and is wdthout action on mercurous nitrate or torchloiide of gold 
(Delffs.; 

Here also belongs, according to Eltickigcr (Fharm. Vicrielj. 10, 40 ; 
Zeitsch\ Gh. Fhann. 4, 104; the product obtained from starcli by tlui 
following process : when starch is shaken with* 10 or 20 pts. of a 4— } 
p. c. chloride-of-calcium solution, it becomes, after some time, slimy 
and ropy, and after 2-3 days, an upper layer separates, wliicli is *a 
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solution of chloride of calcium containing but little starch. The 
residue, shaken up with 100-150 pts. water, forms a stiff jelly, which, 
when filtered after the addition of more water, behaves with reagents 
in the same way as Dclffs’ amylogen, and from which alcohol pre- 
cipitates flakes, which, after being washed with alcohol dry up to 
colourless, transparent lumps; while 'moist they arc easily soluble in 
warm Avater, but after being dried they are almost insoluble oven in 
Imiling water, and do not dissoh^'e in aqueous cuprammonia (Fliickiger). 
f If a solution prepared as above is saturated with chloride of sodium, 
it may bo kept a much longer time without alteration. (Mohr, Lelirl). 
it Chcfniscli’-anali/Imhen lltrmv.eiliode^ Braun scliAVcig', 18G2, 23 G.) 

Starch triturated, first with a few drops of Avater, then with a con- 
centrated solution of chloride of- zinc, produces a perfect paste at the 
ordinary temperature. On addition of water, this paste yields a turbid 
liquid, AAdiicli reacts AAuth iodine like a solution of starch prepared by 
boiliiig stare] 1 Avith Avater and filtering. By precipitating the zinc 
with carbonate of soda and filtering*, a clear solution is obtained Avhich 
reacts strongly with iodine (fMohr, Lehrl. cl Cliem, anali/t, Tifrirmeih. 
235; Ann, Fharm. 115, 212; abstr. Hep. Chim.pure, 3, Gl^ ^ 

Starch-paste. — KUistcr, Colie iVamuhn, Empois. — Stai'cll-pasto is 
starch greatly sAvollen up in water (Berzclrnsj) ; does not contain starch in 
solution ‘(Schloideii) ; according to Payen, it contains, according to 
the ([uantity of Avater, both dissolAmd amidon ('starch free from 
envelopes) and luidlssolAmd ; according to Guenn-Yarry, it contains 
dissohmd (imidinc and aniidine soluble; according to Cruibourt, dissolved 
femle soluble ; according to Caveutou, dissolved amidin together A^ith 
'unaltered starch. — Tt is formed when starch is heated AAuth Abater to 
75° — 100°; or Auhen starcli wdiich has been moistened Avith cold 
Avater is mixed with boiling water. — f The starch-granules of sago 
and tapioca arc already AAdiolly or in part in the state of paste. 
(Lippmann.) If 

■Wlien starch-granules are Avarmed with water they split, first near 
the nucleus, then expand in the direction of their thinnest layers, split 
open either AAnth straight or jagged edges, appear greatly expanded 
and transparent, and lastly, there separates from tlie inner layers a 
great number of small, soft flakes, which turn blue with iodine, whereas 
the SAVolIen granules only become wine-red. (Fritzsche.) — On Avarm- 
iug starch Avith AA^ater : at 54° a feAA’^ of the granules, at 59° or 60° 
many of them, burst at the nucleus ; at 61° a few, at 62° aluKJst all, at 
64“ all, break up into ragged masses. (G-ueriu-Yarry.J They first 
begin to burst at 56“ ; at 60° most of them ace burst, and the blueing 
of the Avater by iodine first occurs at this temperature. The formation 
of paste commences at 72“, but the liot AAxater penetrates before this 
by Gudosmose [also according to Dutrochet (Ami. Sc. JVaL 30, 354)], 
through the envelopes, into the interior of the granules, causing them 
to swell up to 30 times their bulk, bm'sling the eiumdopos, and making 
the SAAUAlIen contents protrude more or less, according to the quantity 
of water they have taken up. Tlie contents are partly dissolved and, 
on cooling', partly re]3recipitated upon the euAmlopes, causing the paste 
to contract and thicken (Payon). f Lippmann (J. pr. Chem.. 83, 52) 
gives the following table, in which the column max'ked A sIigaa’-s the 
temperature at Avhich the grainiics of the various kinds of starch 
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enumerated m the left-hand column begin to swell up distincily ; 
column i?. the temperatures at wliich the formation of paste begins ; 
and column C. those at which it is complete : — 


Eye- starch 

A, 

45-0° 

B. 

50-0° 

0. 

55-0" 

jVIaize-starch .... 

5(}-0 

55*0 

62-5 

Ilorso-chostiiut - starch {JEsctdits 
ffippocastanuni) 

52-5 

56-25 

58-75 

Barley-starch .... 

37-5 

57-5 

62-5 

Chestnut-starch {Castmea vma) . 

52*5 

58-75 

' 62-5 

Potato-starch .... 

46-25 

58-75 

G2-5 

Eice -starch 

53-75 

58-75 

61*25 

Starch from Arum maculatum 

50*0 

58*75 

62-5 

Hermodactyl-starch 

— 

61-25 

65*0 

{Jatroplia utilmima, Fold) 

— 

62-5 

68*75 

Starch of Arum esculeutum . 

45-0 

68-75 

68-75 

Wheat-starcli .... 

50-0 

65-0 

67-5 

Arrow-root (Maranta anmdiuacea) 

66-25 

66-25 

70-0 

Sago (Sagus Biimpliis) , 

— 

()(j-2r) 

70-0 

Buckwheat-starch 

55-0 

GB-75 

71*25 

Acorn- starch .... 

57-5 

77-5 

87*5 


*ir 


When potato-starch is warmed with water to 40° or 50°, the 
granules exhibit alternately dark and light rings ; at 00° the granules 
expand, the rings separate from one another, and circles of smaller granules 
become apparent. At 65° — 70° the granules burst, and, on boiling, 
appear in irregular shapes like collapsed bags. On moistening the 
mass with iodine, brown sheaths, consisting of cellnloKSc, arc seen in 
the midst of a blue, apparently granular mass. (Maschke.) — Accord- 
ing to Gruerin-Varry, triturated starch dissolves in bailing water with 
the exception of 2-12 p. c, envelopes (ctmidme tugumentaire) according 
to Guibourt, it dissolves completely by long boiling in water, arnl 
slowly only because the envelopes (which arc not clicruically different) 
are denser than the contents. According to Jacqiiclain, a solution pre^- 
pared by long boiling witli 500 pts. water contains, in the form of 
soluble starch, 10 — 17 p. c. of tla^ starch employed. 

Starch-paste forms a translucent j(iliy, which is thicker, tlui more 
undecomposed starcli it contains. ((Javentoii.j Boiled witli an cfiual 
quantity of water, whcat-starch gives a tliinner paste than polato- 
starchj arrow-root, on the other hand, gives only an incolnu’out 
mucilage. (Pfaff, N. Tr. 11, 2, 107.J Ooramon stardi-pasto is sticky, 
not so that prepared from rice-starch (Yogei); it has a faint taster, 
and a peculiar smell when prepared from wheat-starcli, not when pre- 
pared from arrow-root. (Oswald, AG Br, Arch, 40, 1(50.) The starch of 
JEsculm Ilippocastanum does not form a paste, hut only a thick 
mucilage. (Schweigger-Seidcl, J. pr, Chm. 5, 227.J 

Starch-paste becomes acid by standing in the air, owing to the 
formation of lactic acid (Bracomiot), — of an imcrystalli sable acid. 
(Oollard de Martigny, J, GMvi. med, 3, 238). If saturated with 
common salt, it may be kept in stoppered bottles without alteration 
for more than a year. (Mohr.) Starch is converted by boiling into 
sugar (which, after 1 or 2, months at the common temperature, 
amounts to of the starch used), into gum, into slightly altered 
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pasty starch (amidine), and sometimes into a resinous substance (Comp. 
Saussure, A7in. Chim. PJiys. 11, 388 and CaYentou). 

When exposed to sunlight, starch-paste is changed, first into a 
substance resembling inulin, then into dextrin and sugar. — The 
transformation does not take place in the dark, except in presence of 
potassio-fcrric tartrate, the presence of which makes sunlight act 
with one-third more energy ; nitrate of uranium renders the action of 
sunlight from 3 to 10 times more intense; ferrous lactate or citrate and 
corrosive sublimate, on the other hand, diminish or prevent it 
altogether. (Niepce de St. Victor & Corvisart, Compt rend, 49, 368 ; 
abstr. Ann, Pharm. 113, 112.) 

B. With Iodine, — Starch is coloured blue by contact with iodine, 
and forms iodide of starch (Colin & G-aultier de Glaubry), a dark blue 
shining, easily pulverizable mass, retaining the original form of the 
starch-granules. (Fritzsche; Schacht, N. Br. Arch. 47, 1C4.) It is 
to be regarded as starch coloured blue by the surface of the granules 
being covered with finely divided iodine. (Liebig', Ann. Pharm. 42, 
308; and others.) According to Payen and Fritzsche, it is a com- 
pound of 10 at. starch with 1 at. iodine. — According to the way in 
which it is prepared, iodide of starch may contain from 3*2 to 7*1 p. c. 
iodine. — The colour of the compound is not the same with all kinds 
of starch ; arrow-root starch gives the purest blue ; wlicat -starch more 
of a reddish violet colour. (Pohl.) 

The formation of iodide of starch takes place also wdien air is 
excluded. (Payen.) It also takes place slowly when starch is tritu- 
rated with solid iodine, tincture of iodine, or an ethereal solution of 
iodine ; it occurs immediately in presence of water, or when warm 
tincture of iodine is poured on the starcii. Iodine -vapour, or 
iodine dissolved in absolute alcohol, does not form iodide of starch 
with dry starch. (Payen; Gobley, J. chim, mid, 20, 121; Lang- 
lois.) f . Potato-starch, treated with alcohol and tincture of iodine, is 
coloured more or loss brown ; otherwise the same phenomena occur as 
when pure alcohol is used. The blue coloration occurs only when a 
great excess of water is added, or when the alcohol has become dilute 
by evaporation and absorption of water. These phenomena are 
accounted for by the solvent power of alcohol for iodine being great 
enough to overpower the attraction of the starch for iodine. (Pohl, 
J. pr. dim. 83, 37.) % — Starch-paste mixed with iodide of potassium 
is coloured blue by all re-agents which liberate iodine from metallic 
iodides, and hence by chlorine (Lassaigne ; Bottger, Ann. Pharm, 33, 
t338 ; Wackenroder, JP. Br. Arch.A.7, 166), fuming nitric acid (Walther, 
Qu. J. 3, 378 ; Plarting, J. pr. diem. 22, 46), bromine (Wackenroder), 
ozone (Schonbein, Pogg. 76, 356), oil of vitriol, sesquichloride of iron, 
and many other bodies. Very dhute peroxide of hydrogen separates 
iodine either not at all, or very slowly, from a mixture of iodide^ of 
potassium and starch ; it acts quickly, however, if, free acid being 
avoided, a small quantity of a dilute aqueous ferrous salt is added- 
(Schonbein, Pogg. 112, 281.) 

The blue coloration of starch either docs not occur or is less pure 
in presence of tannic acid, a small quantity of gallic acid, pyrogallic 
acid or urine (Ldwe, J. pr. Ohem. 74 , 358) ; in presence of saliva, blood- 
serum, and other substances, it is not produced until the liquid con- 
taining the starch has been mixed with 1 — 2 drops of tincture of 

VOL. XV, H 
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iodine, tlicn with a feAV drops of aqueous potash, and, lastly, siipersa- 
turated with nitric acid. (Bechauip, N.J, Fharm, 27, 4tH).) 

Starch is perceptibly coloured blue ])y ^oir.VoTr 
iodine, not by :3:^o;o-oo pt. (on tlie contrary : Stromeyn*, (?///^ 40, 140)3 i>y 
chlorine in presence of a'o-o.VcTo iodine in the form of iodide of po- 
tassium (Lassaigne) ; hy a small quantity of fuming nitric acid in 
presence of yoo!o o o- P^* iodide of potassuun, very faintly in presence 
of pt. ; ’in the last case the coloration is preverded by chloride 

of potassium if the quantity of this salt present amounts to 10,000 
times as much as the iodide of potassium (Walthor) ; it is pro- 
duced in presence of ^tto.Voo P^- iodine in the form of iodide of 
potassium, after some hours with xto.Voo- ■s'so.Vo it Pf'* iodine in the 
same form ; not at all with a still smaller quantity. (Ilarting.) A 
solution of starch-paste con taining from -^^^^VooPh to GirmFoo Pi- iodims 
as iodide, of potassium, is coloured blue at (V on addii.ion of sulphuric acid 
containing byjxmitric acid ; wliereas, at 13°, tlio coloration is barely 
perceptible with 330-, Voo pi^o 2-?rxVoo P”^-? 

pt, iodine. Hence it results that the <[uantity of iodine 
required to colour aqueous starch-paste increases with, the tempera- 
ture. (Ercsenius, Am. Fharm. 102, 184 ; Kopp\‘^ Jalimher, 1857, 581.) 

Pure iodide of starch is obtained : 1. By adding iodine or alooliolic 
tincture of iodine to a filtered solution of starch-paste in concontrat(id 
hydrochloric acid, washing the resulting precipitate with water, till 
the liquid runs away colourless, and drying over oil of vitriol, 
(Pritzsche.) — The compound thus prepared generally contains hydrochloric acid 
(Fritzsche, Bottger.) — 2. By mixing potato-s larch paste containing 
iodide of potassium with an equivalent quantity of chlonne-wat(5r, 
and washing and drying' the precipitate, which forms immediately. 
(Bottger.) Lassaigne triturates potato- starch with cold water, 
dilutes, washes, mixes tlio filtrate (winch contains Lassaignc^s 
amidin) with aqueous or alcoliolic iodine, and evaporates in viicuo. 
Lassaigne’s iodamidiii thus prepared contains 41-70 p. c. iodine. 

Duroy {Compt. rend. 51, 1031 ; Zeitsekr. Ch. Fharm. 4, 88), who 
regards l3hie iodide ofc’ starch as coloured by excess of iodine, obtains 
his colourless iodide of starch — which, however, may be Idued by chlo- 
rine or nitric acid— by boiling aqueous blue iodide of sta-rcli till it is 
decolorised, or by heaving it in contact with wasluMl Ix.un’-yc'asir, juhI 
evaporating the decolorised solution. He frees the residiuj by alcolml 
from, the sugar which has been formed, colourless iodide of slareh tium 
remaining in the form of a sweet gum. 

Iodide of starch heated in a retort becomes first darker, tlnm 
lighter, yields a distillate of aqxmous liy(h'iodic acid, a,c(d;i(i add a^ul 
omp^neiimatic oil, and leaves a residue of charcoal. (l.\dlctier.) Air- 
dried iodide of starch heated iii a scaled tube to 102^, melts completely 
to a transparent, brownish-yellow mass, which becomes vitreoun <m 
cooling, dissolves in boiling oil of vitriol, and is procipit.atcMl tiu^refrom 
in brown flocks by water. (Payen ; comp. Jacquelain.) 

Iodide of starch, whether dry or dissolved in lyater, is decolorised 
hy exposure to sunlight (Kaspail, Guibourt, Faycn) ; the colour is re- 
stored by ozone (Schonbem, Fogg. 75, 354). 

Iodide of starch behaves lilce starch when agitated or triturated 
with water.— -If it has been prepared from aqueous starch or in the 
manner above described, it dissolves readily in cold water, and is 
obtained unaltered by spontaneous evaporation, or by evaporation in 
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vacuo. (Fritzsclic ; J essen, Pogg, 100, 497 ; and others.) It is preci- 
■ pitated from the aqueous solution by alcohol less easily than aqueous 
starch (Jessen); by isinglass, acids, and salts, and by cooling' (Payen). 
The easily-formed solution of Lassaigne’s iodamidin in cold water 
retains its blue colour unaltered for 4 years, and solidities at 5° to a 
dark blue mass, which, when thawed, deposits dark blue flocks soluble 
ill water at 55° to 00°. Seput {N, J. Pharm. 21, 202) obtained an 
iodide of starch soluble in cold water, by heating 1 pt. iodine witli 
3 pts. starch to 80 °— 100° for half-an-hoiu', and then heating it, with 
agitation, to 130° --140°. Magnes-Lahens (N, J. Pharm. 19, 243) 
obtained it by heating the same mixture in the water-bath for two or 
three hours, and washing out the excess of iodine with alcohol. The 
product thus obtained is called by Seput iodide of dextrin. 

A very dilute aqueous solution of iodide of starch, heated to 65° 
(Payen & Persoz), becomes colourless, but recovers its blue colour on 
cooling, provided it lias not been boiled long enough to expel all the 
iodine. With 100 pts, of boiling water, iodide of starch forms a 
coloiu'less paste (Pelletier), which gives off the vapour or odour of 
iodine (Fritzsche). Decolorised iodide of sta-rcli is free from hydriodic 
acid (Pelletier, Fritzsche), contains iodic acid (Langlois), and hydri- 
odic acid (Lassaigne), and is therefore again hliicd by chlorine and by 
concentrated mineral acids, even if it remains colourless on cooling 
(Langlois, Pelletier); also by salts (Payen), not b}^ vegetable acids or 
by dilute mineral acids, ■sulpburous acid, or carbonic acid (Pelletier). A 
concentrated aqueous solution of iodide of starch is not decolorised by 
boiling (Langlois ; comp. Jacqnelain). 

The decoloration of aqueous iodide of starch by heat is due to the vo- 
latilisation of tlic iodine ; honce it does not take place (with concentrated 
iodide of starch) in a sealed tube, or when the liquid contains excess 
of iodine. If the iodine which evaporates on boiling bo expelled by 
blowing air into the vessel, the iodide of starch remains coloiudess 
after cooling, but if it can reabsorb the iodine- vapours on cooling, the 
colour is restored. Dilute iodide of starch heated 30 or 40 times in a 
scaled tube is decolorised by each application of heat, but regains its 
blue colour on cooling', witliout much decrease of intensity. (Baiidri- 
mont, CompU rend. 51, 825 ; Zciischr. Ch. Pharm. 4, 27 ; — comp. Fold, 
J. pr. Cimn. 83, 38.) — This statement does not accord with the 
observations of Kraut. When aqueous iodide of starch, which became 
colourless on being heated in an open tube, was enclosed in a sealed 
tube and immersed in the wmter-bath, decoloration took place as 
cpiickly as in an open vessel. Iodide of starch, which had been 
heated in a closed tnbe for a short time only, became blue again 
on cooling, but not that which had been heated for several hours. 
Oil adding more iodine after cooling', the blue colour was re- 
stored ; on scaling the tube and again boating, it was destroyed ; 
and on cooling, the colour was restored or not restored, accord- 
ing to the duration of the heating. At the same time hydriodic 
acid was produced, recognisable by cyanide of mercury- (Kr.) 
Decoloration of iodide of starch or its aqueous solution is jproduced 
by all rc-agents which cause the iodine to enter into combination, 
especially by chlorine, the colour being then restored by zinc and 
dilute sulphuric acid (Henry & Humbert, Compt. rmd. 47, 298) ; nitric 
acid, which converts the iodine into iodic acid, and destroys the starch 
(Langlois; Wackenroder, JL Br. Arch. 47, 166); sulphurous acid, 
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iiydrosulplimic acid (Laiiglois); arsenious acid (Pisaiii); aqueous 
ammonia and potash (Pelletier), the blue colour being then restored 
by acids. Iodide of starch is likewise decolorised by terchloride of 
antimony, chloride of arsenic, terchloride of gold, ferrous, manganous, 
stannous, mercurous, mercuric, and silver salts. (Pisani.) Infusion 
of galls decolorises iodide of starch : hence certain roots containing 
both starch and tannin, are not blued by iodine till after addition of 
nitric acid. (Wackenroder.) Decoloration is also produced by 
pyrogallic acid, by wood- vinegar and by tobacco- vapour, after the 
compound has been moistened with acetic acid. (Lowe, J. pr. Ohem. 
71, 353.) Slightly blued starch is decolorised by fixed oils. (Payen.) 
Alcohol and ether abstract part of the iodine from iodide of starch. 
(Payen, Langlois.) 

lYhen starch-paste is mixed a with tincture of iodine, h with iodide 
of potassium, and both or only the latter with nitric acid free from 
nitrous acid, and bromine-vapour is made to flow on to the surface of 
both mixtures, a is completely decolorised, but h assumes an emerald- 
gneen coloin, changing' to olive-g'rcen on further exposure to the 
bromine- vapom*, and finally to brown. The latter colouring is also pro- 
duced by chlorine or hyponitric acid, whereas the mixture of iodide of 
potassium and starch-paste (not containing free nitric acid) is not 
colourcjd emerald-green either by these re-agents or by bromine-water. 
(J. Eeinsch, Jahrh, 

C. With Bromine. — Bromide of Starch. — Formed by precipitating 
a solution of starch in hydrochloric acid with aqueous bromine: — 
Orange-yellow powder, which cannot be dried without loss of 
bromine ; it loses its colour from above downwards, even while in the 
acid liquid, and is completely decolorised, vnth loss of bromine, by 
heat, but re-assumes a pale yellow colour on cooling, (Pritzsche.) 

D. With Acids. — Sulphamidonic acid (p. 104). 

E. With Bases. — Amilate of Baryta. — By precipitating starch- 
paste with baryta- water. (Payen.) — Aqueous cliloride of barium does not 
form any precipitate. (Payen.) — When baryta- water is boiled with 
potato-starch for half-an-hour, thick white lumps of amilate of baryta 
separate on cooling, (Zeise.) — Coherent j)recipitate becoming very 
tenacious after a while (Payen) ; it dissolves after some time in the 
precipitating liquid (Payen), or in water if washed for some time 
with that liquid, and is precipitated from the solution by baryta- 
water. (Zeise.) 

Amilate of Lime. — By precipitating thin starch-paste with lime- 
water. (Braconnot, Ann. CMm. Fkijs. 4, 372 ; Payen.) Wliite flocks. 
(Braconnot.) Boiling starcli-paste mixed with a few drops of aqueous cliloride of 
calcium and a small quantity of aqueous potash sometimes throws down amilate of 
lime in the form of a jelly. (E. Schmidt, Ann. Fharm. 51, 31.) 

Starch-paste dissolves recently precipitated of lime. (Yau- 

qnelin, J. Phjs. 85, 126 ; Schmidt.) 

A milate of Lead. — Basic. 10 pts. of starch are boiled with 1200 
pts. of water; the liquid is filtered; the boiling filtrate mixed with 
20 pts. of ammonia previously diluted with 40 pts. of water; the 
liquid added, with stirring, to a solution of 30 pts. neutral acetate of 
lead in 200 pts. water and 5 pts. ammonia ; the supernatant liquid 
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decauted from tlie iDrecipitate after tlie lapse of an hom-, and the precipi- 
tate is treated four times with boiling water-being each time left to 
settle and the liquid decanted in close vessels — then washed on the 
filter with boiling water, pi-essed between bibulous paper, and dried in 
vacuo first over hydrate of potash, then, after pulverization, at 180°. 
(Payen,) When aqueous starch free from ammonia is precipitated with ammoniacal 
aqueous solution of neutral acetate of lead, the precipitate contains a smaller quantity 
of lead-oxide (54" 73 to 56'45 p. c. according to Payen); similarly when it is preci- 
pitated by a solution of basic nitrate of lead and the precipitate dried in vacuo at 100° 
(28 p. c.). (Berzelius.) Aqueous starch is also precipitated by basic and neutoal 
acetate of lead without the aid of ammonia (Caventou) j not by the neutral acetate, 
(Thomson, TrommsdorfF,) 

Payen. 
at 180^ 

24 C 144-0 .... 19-1 .... 19-40 

18 H 18-0 .... 2-4 .... 2*37 

18 0 144-0 .... 10-2 .... 19-35 

4 PbO 446-8 .... 59-3 .... 58*88 

C2'!HiW02o^2PbO ? 752-8 .... 100*0 .... lOO'OO 

Payen regards the compound as C^-H°0°,2Pb0, according to which formula, it 
should give up 1 at. HO at 180° in exchange for PbO. Since, however, starch-paste 
heated with 2 pts. oxide of lead, first to 140°, then to 180° in vacuo, gives off only traces 
of water, Mulder {J. pr. Chem. 15, 300) is of opinion that the oxide of lead, in combining 
with the starch, cannot take the place of water. Payen’s compound of starch with 
oxide of lead dried at temperatures below 130° still contains unaltered starch and 
traces of dextrin, turns yellow at 160°, lemon-yellow after some time at 179°, gives 
off only 0-5 p. c. water between 129° and 179°, but contains together with the unaltered 
starch a larger quantity of dextrin (Berzelius). — It is not converted into dextrin at a 
temperature of 170° — 180°, and it is only after addition of acid that it swells up in 
hot water, is blued by iodine, or converted by diastase into sugar (Payen). 

Solution of loTCix coagulates starcb-paste (Hofer), not in presence 
of free acid or of tartrate of potash. (Lbwig, Onj, VerL 1, 374.) 

Aqueous niclcel-ammonia neither causes starch to swell up nor 
dissolves it. (Schlossbergei', Ann, Pharni, 107, 22 ; J, pr, Chem, 
73, 370.) 

Aqueous ferric sulphate does not precipitate starch-paste (Payen) ; 
starch-paste also prevents the precipitation of ferric salts by alkalis. 
(II. Kosc.) 

Starch is insoluble in aqueous husk sulphate or hyposulphate of 
cuprammonia (Schweizer, J. p)r. Chem, 72, 111), even 'when heated, 
but swells up strongly therein (Schlossbergei*, A?? Pharm, 107, 23; 
J, 2 )r, Chem, 73, 370). The power of the solution to make starch 
swell up is limited ; its action extends from without inwards, and 
causes the swollen starch-granules to appear darker than the sur- 
rounding liquid. (Cramer, Chem. Centr, 1858, 57; J* p>^'^ Cham. 7'^) 
13 .) — When aqueous sulphate of cuprammonia is poui’ed upon wheat- 
starch, the granules swell up strongly, and an insoluble violet com- 
pound (cmilate of copper) is formed, containing 12'75 p. c. cupric oxide, 
ammonia slowdy decolorises it, and removes the copper. When cold 
dilute acids are poured upon tliis compound, it swells up strongly, and 
finally dissolves with the exception of the enlarged envelopes of the 
starch-granules. (Payen, mid 48, G7.) 

Starch boiled with water forms a precqhtate with aqueous nitrate of 
silver I this precipitate is more copious with arrow-root than with 
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potato-starcli. (Schmidt, JSF, B)\ Arch, 19, 195.) Starch boiled with 
90 pts. water dissolves nitrate of silver. (Thomson.) 

Starch-paste prepared with 1 pt. starch to 90 pts. water does not 
precipitate : cobalt-salts^ zinc-salts^ stannous,, ferrous^ ferric,, or cupric 
salts, nitrate of lead, mercuric nitrate, terchloride of gold, or bichloride of 
platinum. (Thomson.) Starch-paste prepared with 1 pt. wheat-starch 
and 50 pts. water does not precipitate: uranic nitrate, manganous 
sidjduite, tartar-emetic, nitrate of zinc, chloride of cadmium, chloride of tin, 
sesquichloride of iron, the salts of cohalt, nichel, copper, or silver, mercuric 
nitrate, terchloride of gold, chloride of platinum, or chloride of palladkm, 
(Trommsdorff, TascJieub. 1824, 24.) Thin starch-paste heated to 50°, 
does not precipitate aqiieons acetate of alumina or ferrous sulphate, but 
produces a slight turbidity in mercurous nitrate. 

Infusion of galls added to thin starch-paste produces an abundance 
of grey flocks (Thomson; Payen & Persoz), which are partially 
decomposed and leave a residue of starch when completely washed with 
alcohol (Thonnson); aiid also when washed with cold water. (Kali- 
nowsky, J, pr. Chem, 35, 201.) The flocks disappear on heating the 
]ic|ui(i above 49°, reappear below 49°, and dissolve in excess of the 
infusion of galls. (Thomson.) If the infusion of galls bo slowly 
added, they dissolve at first, but not afterwards ; they are likewise 
insoluble in a large quantity of water, and are deposited on adding 
more of the infusion of galls. (Payen.) The dried precipitate is 
brownish yellow, translucent, brittle, and has a harsh taste. (Thomson.) 
Tasteless. (Kalinowsky.) 

Starch is insoluble in alcohol, in ether, and in oils, both fixed and 
volatile. From impure starcli, these solvents remove chlorophyll, wax or fat. — 
Starch swells up when glycerin is poured upon it. (Cap & Garot, JV. J. Pharm. 


Apgoendix to Starch. 

1. Bechamp’s Soluble Starcli. 

Distinguished by B^champ, as a substance diSering from common starch and from 
dextrin. He regards it as identical with the substance originally called dextrin by- 
Biot (cot that to which the name dextrin is now applied). Respecting Maschlce’s 
soluble starcli, see page S2. 

Formation. Common starch is converted into soliihlo starch by hot 
dilute acids, diastase, concentrated acids, either cold or hot, and 
solution of chloride of zinc. — "When starch is subjected to the action of dilute 
acids or of diastase, it is first disorganised, then converted into a substance which is 
not immediately blued by iodine (Saussnre's Lignmas amylaci), then into a substance 
which dissolves only in water at 80°, and separates again as the solution cools 
[Jacquelain’s Granules de fecul^^ ^Q\vi\zelB AmidtiUn (J. Pr. Chem. 14, 178)1, and 
finally into^ soluble starch. - Soluble stai’ch is produced, without previous 
(^organisation, ^ by the action of glacial acetic acid on starch. 
(Bechamp.)— It is likewise obtained by treating xyloidin with aqueous 
protooMoride of non. (Bechamp, Compt, rend, 87, 134.) 
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PrejyaratiGn. — Staroli-paste i.s subjected to the action of diastase or 
of dilute sulphuric acid, till the mixture is coloured by iodine, no longer 
blue but violet, the liquid is then saturated with carbonate of baryta, 
or the action of the diastase is intcrriipted by boiling, the filtrate is 
precipitated with alcohol, and the precipitate is washed -^vutli alcohol 
and dried. — 2. One part of starch is heated with 4 pts. glacial 
acetic acid to 100° in a sealed tube for six hours, and the contents 
of the tube ai’c washed on a filter with alcohol, and dried. — 3. Starch 
covered with 2 pts. of ordinary and 1 pt. of fuming nitric acid, is left 
to stand in a covered vessel at 18° — 20°, till it is converted into a 
clear, transparent mass, — or a thick mixture of starch and nitric acid 
is heated till it gives off red vapours ; alcohol is added in either case ; 
and the insoluble residue is washed vdth alcohol, and dried over oil of 
vitriol. — 4. Three parts of starch are triturated with 2 pts. oil of 
vitriol ; the stiff white paste is covered with alcohol after the lapse of 
half-an~hour ; and the insoluble residue is purified by washing with 
alcohol, solution in water, and precipitation with alcohol. — 5. "iShtra- 
inidin, binitramidin, or one of the compounds isomeric therewith 
(pp. 106 — 112), is heated with a rather dilute and perfectly neutral 
solution of protochloride of iron, keeping the temperature below 
100°, and adding iron filings to prevent the formation of freu 
hydrochlorio acid, wliich would transform the starch into dextrin. 
As soon as the evolution of nitric oxide ceases, the liquid is 
quickly cooled, filtered, mixed with alcohol, and left to stand for 
twenty-four hours. It then deposits an ochreous mixture of starch 
and ferric oxide, which is washed with alcohol and dissolved in water; 
the filtered solution is treated with excess of baryta, and the resulting 
precipitate of amilate of baryta is washed with water containing a 
little baryta, then suspended in water and decomposed by carbonic 
acid. The colourless filtrate, concentrated and freed from dissolved 
carbonate of baryta by heating in the ■water-hatii, is then mixed with 
very strong alcohol, which precipitates the starch in very minute 
gTanules, to be purified by repeated washmg with nearly absolute 
alcohol, and drying in vacuo over oil of vitriol (Bechamp, Ah A nn. Chim. 
Phys. 64, 329.) 

Properties. White powder, or if obtained by evaporating the 
aqueous solution, g'ummy transparent mass. If 5>rcpared with glacial 
acetic acid, it does not differ in appearance from ordinary starch. 
— Rotatory power [«] = 211° to the right. (Bechamp; Berthelot, 
iV. Ann. Chim. Phys. 48, 495.) 


24 C 

144 ... 

44-44 .. 

EOebamp. 
at 20“. 
44-34 

20 H 

20 ... 

6-17 .. 

6-44 

20 0 

160 ... 

49-39 .. 

49-22 

O24H20O20 

324 ... 

100-00 .. 

100-00 


By the further action of the dilute acids or of the diastase used 
in its preparation, it is converted into dextrin, sugar, and non-fer- 
mentahle amylin ; by oil of vitriol or chloride of zinc, it is little, if at 
ah, converted into dextrin and sugar. 

Soluble starch dissolves readily in water, whether hot or cold ; — 
the solution is not rendered turbid by cooling or by evaporation to a 



CARBO-HYDRATES C^^hiooio. 


101 * 

sjaaip ; neither does it suffer any alteration of rotatory power by 
keeping'. 

Soluble starch in the solid state or in solution, is turned blue by 
iodine, forming' soluble iodide of starch. It is precipitated from its 
solution by lime or haryta-ivater, by alcohol, and by tannin. (B6chainp.) 


2. Sulphamidonic Acid. 


Feeling. Ann. PJianm. 55, 13. 

Blondeau de Oaeolles. Rev. scient. 15, 69 ; abstr. J. pr, Ckem. 33, 

439 ; Ann. Phanni. 52, 416. 

Known cBiefly in combination with, bases. — By the action of oil of vitriol 
Upon starch, compounds are produced, containing, according to the 
quantity of the oil of vitriol, the duration of the action, and the limits 
within which the temperature is restrained, from 12 to 44 at. 0, and 12 to 
39 at. H and 0, to 2 at. sulphuric acid. See the baryta-salts. (Fehling.) 
The product obtained by 8 or 10 days’ action of oil of vitriol on starch contains dextrin 
and sugar as well as sulpbamidonic acid. 

The aqueous acid is obtained by decomposing the lead-salt with 
sulphuretted hydi-ogen. On evaporating the filtrate separated from 
the sulphide of lead in vacuo at 10°, there remains a white, non-crys- 
talline, acid, deliquescent mass, whose concentrated solution blackens 
at 100°, and decomposes readily, even at ordinary temperatures, with 
formation of sulphuric acid, dextrin, and sugar. (Fehling'.] 

If the solution obtained by adding starch to oil of vitriol and 
diluting with water, be neutralised with alkaline or metallic carbonates, 
the sulpliamidonates are produced. These salts are amorphous, swell 
up and give off vapoui’s of sulphuric acid when heated ; are decom- 
posed by chlorine with formation of hydrochloric acid ; and dissolve 
readily in water, (Blondeau.) 

SuljdiamuhMite of Baryta . — ^Wlien the solution obtained by adding 
starch to oil of wtiioi and diluting with water, is neutralised with 
carbonate of baiyria, and the filtrate is evaporated in a current of air at 
25°, non-crystalline baryta-salts remain, which, after drying in vacuo, 
may be heated to 100° for three or four hours without alteration, 
dissolve easily in water, and are decomposed when heated therewith, de- 
positing sulphate of baryta. These baryta-salts difer in composition 
according to the quantity of oil of vitriol used, and the time during 
which it has remained in contact with the starch. 

a. By 12 hours’ action of 2i iDts. oil of vitriol on 1 pt. starch = 
Qi2Hno^\SOlBaO,SO^ — h. By '*24 hours’ action of the same =: 
C^^Hi^O^jSO^.BaOjSO® — c. By 3 hours’ action of 1-b pts. oil of vitriol on 
1 pt. starch = C'«ff«0^«SO^BaO,SO^.— d By 24 hours’ action of 2 pts. 
oil of vitriol on 1 pt. starch = G"*H^°0^,SO® . BaO,SO^ ~e. By 48 hours’ 
action of pts. oil of vitriol on 1 pt. starch = . BaO,SO®. 

— By 48 hours’ action of 2A pts. oil of wtriol on 1 pt. starch = 
0t2p£2so36^SO^BaO,SO^— y. By 72 hours’ action of li pts. oil of vitriol on 
1 pt. starch =: C=«ff°0^,SO^BaO,SOl-;n By 60 hours’ action of 
2|-pts. oil of vitriol on 1 pt. starch = BaO,SO®.— A By 
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H hours’ action of pts. oil of vitriol on 1 pt. starch = 
S0^BaO,SO^ (FehhuV) 


Fehling. 
Dried at 100®. 


c. d. e, f. g. h. i. 

C 22*28 25*25 28*19 29*82 31*62 33*61 31*68 35*27 35*2 

H 3'80 3*87 4*32 4*40 4*86 4*99 5*15 4*92 5*4 

O — 29*42 30*73 33*41 35*38 — . — — — 

S03 — 10*56 9.46 8*27 7*18 ^ _ 


BaO,SO^... 35*30 35*90 27*30 24*10 20*96 19*87 16*65 17*17 15*1 

100*00 100*00 100*00 100*00 


Sulplicimidomte of Lime . — By saturating the solution of starch in 
oil of vitriol with carbonate of lime, and evaporating the filtrate. 

a. After the oil of vitriol had acted for some time on the starch 
= . CaOjSO^ 2HO ; resembles gum arabic. (Blondeau de 

Carolles ). — k After a mixtm'e of 1 pt. starch and 2 pts. oil of vitriol 
had been immediately diluted with water, saturated with carbonate of 
lime, the filtrate evaporated to a syrup, and precipitated with a large 
quantity of alcohol, and the resulting viscid precipitate washed vdth 
alcohol and dried in vacuo ; e. after the mixture had stood for 24 hours ; 
d. after it had stood for 7 days, and been treated like 6. = 

CaO,S^O® (Kalinowsky) ; but according to Gerhardt (A^. J". P/zam. 8, 
309), C^^IPCaO^ 2SO^ 



Blondeau de Carolles. 


V. Kalinowsky, 



a. 

k 

c. 

d. 

at 30° 

— 40° in vacuo. 

Over oil of vitriol in vacuo. 

C,... 

29*49 

34*43 . 

34.94 .... 

33*78 

H.... 


5*64 . 

5*70 .... 

5*68 

0.... 

43*61 

37*61 . 

37*76 .... 

42*79 

CaO 

5*68 

5*65 . 

5*20 .... 

4*75 

SO^ 

16*00 

16-67 . 

16*40 .... 

13-00 


100*00 

. 100*00 . 

....... 100*00 .... 

100*00 


Sulphcmiidonafe of Lead . — Obtained by immediately saturatmg the 
solution of starch in oil of vitriol with carbonate of le^d, of the 
composition a = C^®H^°O^SO^FbO, 80^2110 ; but if the solution is left for 
36 hom*s before saturation, the salt has the composition 5=:C®^IP0^^S0®. 
Pb0,S0^2H0. (Blondeau de Carolles.) 

Blondeau de Carrolles. 

a. i. 

at 30® — 40° in vacuo. 

C 28*31 24*98 

H 5*00 4*48 

0 40*23 36*81 

PbO 15*40 14*11 

SQS n*06 19*62 


100-00 


100*00 
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3. Nitramidin. 

Q12^B.^QU = nisYH^Qio? 


Beacoxs’OT (1833). Ann. Chini. Fhys. 52, 200; Po^^. 29,175; 

Pliarm. 7, 245 ; abstr. Sckic. 68, 368. 

Liebig. Ann. Phainn. 7, 249. 

Payeit. N. Ann. Sc. nat. Bot. 10, 161. 

Pelouze. Comjpt. rend. 7, 713 ; J. j>r. Clieni. 16, 168. — Compt. rend. 

23, 890 ; J. pr. Chem. 40, 200. 

Gl.ii>3XOA'e. Mern. Chem. Sac. 3, 412. — Pkarm. J. Trans, 13,215. 
Bogus-Ballot. Schelk. Onderzoek. IJtreclit, No. 3 ; /. pn. Chem. 31, 

309 ; Ann. Pharm. 45, 47. 

Bechaivip. Ann. Chm. Phjs, 46, 338; abstr. Compt. rend. 41, 817 ; 

J. jor. Chem. 68, 61. — Pmtber, Af. Ann. CMm. Phps. 64, 311. 

Explosive Starch t Xyloidin. Pyroxam, Amidon mononitrc, Fecttle nilriqne, 
Feciile mononiirique. 

Discovered and named by Braconnot in 1333; examined by Pelouze and more 
recently by Bgcbamp. 

Formation. 1. By the action of strong nitric acid of sp. gr. 1*52 
(or of red fuming nitric acid ; Liebig^ Gladstone)^ on starch in tho cold 
(Bl*aCOimot, Pelouze). Starch is likewise converted into nitramidin by riitric acid 
ofsp gr. 1*414:, but not by weaker acid. (Gladstone.) — Becliamp lias siiOwn 
that there are two modifications of nitramidin, one insoluble or nearly 
so in ether-alcohol, acetone and wood-spirit ; the other (isonitramidin) 
soluble in those re-agents. The production of one or the other of 
these modifications depends chiefly on the temperature, nitramidin 
being produced when the hquid is kept cool ; isoiiitrainidlii when tho 
temperature is allowed to rise. If the jiroduct is left too long in 
contact with the acid, it is destroyedand converted into an acid, probably 
saccharic acid. This effect had been observed by Pelouze, who attributed it to 
the presence of an excess of nitric acid ; but according to Bechamp, an excess of acid 
has no influence on the result, unless the starch is very dry, and the acid very highly 
concentrated, in which case a certain quantity of binitramidin is produced. — 2, By 

the action of strong nitric acid on glycogen. (Pelouze, Compt. rend. 
44, 1321 ; J. pr. Chem. 73, 249.) 

A product agreeing in composition and properties with nitramidin 
is formed when wood-shavings, linen, or cotton is heated with strong 
nitric acid. (Braconnot, Payen.) Strong nitric acid of Bp. gr. 1*5 
dissolves cotton at 30° --35°, forming a thick transparent gum, from 
which wmter throws down nitramidin. (De Yrij, Compt. rend. 24, 19.) 
The ideatity of these products with aitramidiu appears doubtful. (Kj*.) 

Preparation. Starch is dissolved in cold concentrated or fuming 
nitric acid, the gummy solution is immediately mixed with water, and 
the tenacious transparent precipitate is washed with water and well 
dried. (Braconnot, Bechamp.) — The starch should be quickly and 
intimately mixed with fuming nitric acid, by triturating it in small 
portions in a glass mortar, and the translucent gelatinous solution 
immediately chluted writh water, whereby coarse-grained nitramidin is 
produced. (Ballot.) — - f . i pt. of starch diied at the temperature of 
the air (20°), is mixed with 5 to 8 pts. of fuming* nitric acid, by fcritu- 
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ration in a thick porcelain mortar (to avoid rise of temperature), till 
it is reduced to a perfectly transparent semifluid mass without any 
trace of granules, and 20 to 30 pts. of water are added at once, the 
ti'ituration being constantly kept up. The compound then separates 
in the form of a curdy precipitate, easily pulverized under water. It 
is washed with distilled water, and dried at the tempcratiu'e of the air or 
in a hot-air chamber. (Bechamp.) 

To purify this product, it is dissolved in a cold mixture of 10 pts. 
glacial acetic acid and 1 pt. bihydrated acetic acid [C‘^H^Oh2HO; sp. 
gr. 1*073 ] ; the Solution is filtered, distilled water gradually added, the 
viscous mass which falls to the bottom is separated from the super- 
natant liquid by decantation, and a larger quantity of water is added ; 
a pulverulent precipitate is then formed, which must be collected on a 
filter, washed and dried. (Bechamp.) If 


Properties, White powder. Coarse-grained (Ballot) ; sandy, con- 
sisting of tough opaline vesicles (Reinsch, lY. Eepert, 3, 181). Taste- 
less. (Bracoiinot, Liebig.) Has a scarcely perceptible bitter taste. 
(Reinsch.) Neutral. (Braconnot.) Poisonous. (Baker Edwards, 

Centr, 1849, 48.) Rotatory power of nitramidln [ai] = 155'96° to the 
right. 


Calcidaiion according to 

Bechamp. 

Gladstone. 

Bouijs- 

Petten- 

Laurent and Bechamp. 


Ballot. 

kofer. 




mean. 


mean. 


12 C 

. 72 . 

.. 34'?8 

.... 34*53 . 

... 30.97 .. 

.. 37*02 

.... 36'76 

N 

. 14 . 

.. 6*76 



5*53 

.... 5*65 

9H 

.. 9 . 

.. 4*34 


4-35 .. 

... 4*82 

.... 4*79 

14 0 

. 112 . 

.. 54*12 



52*63 

.... 52*80 


207 . 

... 100*00 



100*00 

.... 100*00 


According to Pelouze and others, it is or ; according to 

Laurent (Y. Am, Chim. Pkys. 19, 374) it is or BaUot con- 

cludes, from its reaction with alkalis (vid, inf,), that it is a mheture of two different 
substances. 

*!| Bdehamp has shown {N. Ann. Chim. Phys. 64, 316) that the product formed 
by the action of nitric acid on starch has, for the most part, the composition 
or hut that when the starch is very dry and a large excess of 

acid is used, a certain quantity of binitrainidin may likewise be formed t a. 5 grammes 
of starch dried at 20” (corresponding to 4*5 grm. dried at 100“) triturated with 20 grm. 
of nitric acid (obtained by distilling 1 at. of dry nitrate of potash with rather more than. 
2 at strong sulphuric acid) yielded a product weighing 5*76 grms. — b. 5 grms. of the 
same starch, triturated with 50 grms. of the same nitric acid, yielded 5*95 grms. of 
product dried in vacuo. — c. 5 grms. starch, dried at 100“ and 40 grms. nitric acid yielded 
5*78 grms. product dried in vacuo. — d. 5 grms. starch, dried at 20° and 60 grms. nitric 
acid yielded 5*7 grms. product dried in vacuo. — e. 5 grms. starch, dried at 100“, and 
60 grms. nitric acid yielded 7*24 grms. product dried in vacuo. — ^The experiments 
a, by c, d, give, as a mean result, 125*7 pts. of nitramidin for 100 pts. of starch, 
or The quantity calculated from the formula or 

Q2‘j]^^2p[iso20 is 127*8. — In the last experiment, e, the increase of weight is much more 
considerable, probably in consequence of the formation of a more highly nitrated com- 
pound. 

B&champ regards nitramidin and the three compounds next to be described, as nitrates 
corresponding in constitution to the nitric ethers (assigning to nitramidin, for example, 
the formula C^^H®0®,NO^), and not as products analogous to nitrobenzene, &c. i 
1. Because, when heated with reducing agents — ferrous-acetate, for example, — they 
yield, not amidated products, in which is replaced by [e.g, aniline C^^H^(NH’^) 
from nitrobenzene C^^H^CNO**)], but soluble starch (p, 102), a compound free from nitro- 
gen ; just as the nitric ethers, when treated in like manner, reproduce the correspond- 
ing alcohols.— 2. Because, when they are dissolved in strong sulphuric acid and the 
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solution is diluted witli water and distilled, aqueous nitric acid passes over, not accom- 
panied by red vapours. — 3. Because the optical rotatory powers of these compounds, 
as determined by observation, are nearly the same as those which calculation would 
assign to mixtures of an active molecule of hypothetically anhydrous starch 
with the inactive molecules HO, NO* in nitramidin and 2N0* in binitramidiii. [For 
the detahs of these calculations see the original memoir (AT. Ann, Chim, Fhys, 64, 
341.)], 

Decomjmitioiis, 1. Spontaneous decomposition. Nitraniidin, after 
"being kept for sis years, suddenly began to give off gases, including 
liydi’ocyanic acid, and after a few weeks left a small quantity of a 
turbid liquid. (Gladstone.) According to Bechamp, it may be kept without 
alteration for an indefinite time — 2. Xitramidiii detonates slightly when 
heated (Braconnot), giving off a small quantity of nitrous acid 
(Liebig), not by pressm'e or percussion (Pelouze). "When heated on 
j^aper, it does not melt, but becomes carbonised, without setting fire 
to the paper. (Braconnot.) It takes fire at 180° (Pelouze), at 182° 
(Gladstone). 

According to Bechamp’s earlier experiments, it takes fire between 
180° and 190°, leaving a large quantity of charcoal; according to his 
later experiments, it begins to give off red vapours at 198°, 
when heated in a test-tube, and deflagrates slowly between 198° and 
200°, leaving a black residue, without leaving any charcoal. (Pelouze.) 
— Nitramidin subjected to dry distillation gives off a yellow distillate 
containing acetic acid, leaving charcoal amounting to -J- of its weight, 
(Braconnot, Pelouze.) 

3. Nitramidin is dissolved by nitne acid of sp. gr. 1*25, or higher. 
The solution in nitric acid of sp. gr. 1*414 acquires a yellowish red colour, and. 
after some days no longer deposits xyloidin on addition of water, but contains an 
acid similar to saccharic acid (xi. 513), which is likewise formed on boiling starch 
with strong nitric acid, and is easily transformed by heat into a black acid, which, 
when boiled with nitric acid, is converted into oxalic acid, without evolution of 
carbonic acid. (Pelouze, Payen.) — Nitramidin dissolved in fuming’ nitric 
acid separates as pyroxylin, on mixing the solution with an equal 
voliune of oil of vitriol. (Cottereau, Compt. rend. 24, 305.) If From 
B6champ’s experiments, it appears probable that the product thus obtained is not 
pyroxylin but binitramidin (p 110) With oil of vitriol^ nitramidin forius 
a colourless solution, from which it is not precipitated by water 
(Braconnot) ; tliis solution easily and quickly decolorises solution of 
indigo, and gives off nitrous gas when treated with copper. (Liebig’.) 
— 5. Nitramidin treated with a warm aqueous solution of 
of iron, gives off nitrous gas, and is converted into soluble starch. 
(Bechamp.) 

+ 6FeCl + HO = Fe-03 + 2Fe'CF -f NO- + 

^ In contact y\uth sulphate, it exhibits the coloration character- 

istic of nitrates. (Cottereau, Comj}t. rend. 23, 1157.) 

G. Nitramidin is not dissolved by aqueous edkalis (Pelouze, Be- 
, champ) ; becomes translucent and glutinous when immersed therein. 
(Braconnot.) — According to Ballot, it dissolves partially. The portion soluble in 
weak aqueous alkalis (not in ammonia) contains, after precipitation with acetic add 
and washing of the docculcnt precipitate with the same acid, 38*01 p. o. C. and 4*94 H. 
(0^H^NO^)ji the insoluble portion which sinks to the bottom, and, after careful 
washing, appears white and pulverulent, contains 36*94 p‘ c. C. and 4*51 H. (C^'H^NO^®). 
— Nitramidin after thorough washing with alcohol, and then with weak aqueous potash, 
contains 37*32 p. c. C. and 5*17 H. (Ballot) 
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ComUtiaHoM. jSTitramidin is insoluble in ivater, (Braconnot, 
Pelouze.) Ifc softens in boiling water. (Braconnot.) It decolorisGS alcoholic 
tincture of iodine^ forming a yellow compound. (Braconnot.) 

It dissolves in strong hydrochloric acid^ especially wdieii heated 
(Braconnot, Gladstone), with rapid decomposition (Bechamp). It is 
nearly insoluble in pure glacial acetic acid, but dissolves easily in that 
acid mixed with yV of bihydrated acid, C®0^2H0. (Bechamp, 
i\h Anil. Clwn. Phys. 64, 320.) When moderately heated with glacial acetic 
acid, it dissolves to a thick mucus, which coagulates on addition of water, and leaves a 
colourless varnish when evaporated (Braconnot). Xyloidin prepared from cotton 
separates, when precipitated fi*om its solution in acetic acid, as a coagulated mass ; 
that prepared from starch separates in the form of a powder. (De Vrij.) 

Nitramidin is insoluble in aqueous ammonia. (Braconnot, Ballot.) 

It does not dissolve in alcohol, ether (Braconnot, Bechamp), or 
ether-alcohol (Bechamp). With anhydrous ether it forms a Jelly wliich 
dries up on evaporation to a white opaque film. '(Schonbein ; Bottger, 
Pogg. 70, 820.) — Xyloidin prepared with nitric acid dissolves in ether; that which 
is prepared with a mixture of nitric and sulphui-ic acid, dissolves in ether-alcohoL 
(Flores Domonte & Menard, Compt. rend. 23, 86). Nitramidin is insoluble in 
chloroform, acetic ether and lenzene, slightly soluble in iDood-spirit. In 
acetone it appears to soften, but does not dissolve. (Bechamp.) 


f 4. Isonitramidin. 

Bh’CHAMP. N, Ann. Chim. Phys. 64, 320. 

Fecule mononitrique soluhle, Fe'cule isomomonifrique 

Foj'matlon and Preparation. The same as for nitramidin (Bechamp), 
excepting that the nitric acid must be present in greater excess, and 
the temperature allowed to rise. Starch tritimated with 10 or 12 
times its weight of fuming nitric acid in a rather thick glass vessel, so 
that the heat developed by the reaction may not be too quickly dissi- 
pated, is converted in six or eight minutes into a yellow, slightly 
viscid, perfectly transparent liquid, which, when poured into 30 times 
its, volume of water, yields a precipitate less curdy and more pulveru- 
lent than nitramidin precipitated in like manner. It is purified by 
dissolving it in ether-alcohol, filtering, and leaving the ether to evapo- 
rate. It is then deposited as a pulverifiont mass, which may be dried in 
a hot-air chamber. 

Properties. White powder. Botatory power (determined on the 
acetic acid solution), [<%] = 156*96° to the right. 


12 C 

... 72 . 

... 34*78 ... 

B6champ. 
35*46 

N 

... 14 . 

6*76 ... 

6*71 

9 H 

.... 9 . 

... 4*34 ... 

4*44 

14 0 

.... 112 . 

... 54*12 ... 

53*39 


.... 207 . 

... 100*00 

100-00 


Respecting the rational constitution, see page 1 07. 
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Deeo'mpositm}S. At ordinary temperatures it may be preserved 
indefinitely vdtbout alteration. A sample prepared in 1854 has been preserved 
unaltered up to the present time (summer of lS5!)j, in the climate of Montpellier. 

Heated in a tube, it begins to give oil red vapours at^ and 
deflagrates at about 172°, leaving’ a small quantity of white matter. 
By protochloride of iron^ it is decomposed in the same manner as 
nitramidia, yielding soluble starch, (p. 108.) 

Comhinations. Insoluble in water. More soluble than the preceding 
in glacial acetic acid. In alcohol of 95 per cent., and in etJier it does not 
dissolve, but merely softens; but in a mixture of ether and cdcohol con- 
taining excess of the former it dissolves with great facility. Slightly 
soluble in nearhj ahsoluie alcohol ; insoluble in chloroform; easily soluble 
in acetone^ acetic ether, and methylic alcohol. The solubility of the compound in 
certain menstrua appears to vary with the temperature at which it is prepared; the 
product to which the jmeceding statements apply was prepared at 20° ; but another pro- 
duct prepared at 34° with 1 pt. of starch dried at that temperature and 10 pts. of 
fuming nitric acid, dissolved easily in alcohol of 95 per cent. 


V 5. Biaitramidin. 


C«N"-E.»0“ = C‘-X‘R«0“? 


B^cnAJO*. V. Ann. Chim. Phys. G4, 322. 

Dinitramidln, Nifroxyloldin, Fccule dirdtrique. 

Formation. 1. By the action of oil of vitriol on the mononitrated 
compounds isobinitramidiii being formed at the same time. — 2. Occa- 
sionally together with nitramidin, by treating dry starch with excess 
of nitric acid (see experiment e. p. 107). 

Preparation. 1 pt. of starch dried at 20'^ is dissolved in 12 pts. of 
fuming nitric acid, and the solution, filtered if necessary tlirough 
pounded glass, is placed in a freezing' mixture and quickly mixed with 
8 pts. oil of vitriol, whereupon the mixture soon becomes turbid ami 
deposits a soft white, very bulky mass The whole is then quickly 
poiired into a large quantity of cold water, care being taken to divide 
the solid mass and mix it up well, so as to avoid any groat rise of tem- 
perature in particular parts. The product, which is a white powder 
resembling nitramidin, but more finely divided, is freed from sulphuric 
acid by washing with a large qnantity of water, then dried in the hot- 
air chamber. 

The product is chiefly a mixture of binitramidin and isobinitramidin 
mixed, however, with small quantities of the mononitrated compounds. 
— Two e.tperiments gave 147 and 150 pts. of dried product from 100 pts. of starcli; 
■according to the formula it should be 155*6. — To separate the tWO 

biiiitrated compoiiiids, the dried powder is treated with alcohol of 96 
p.c. first in the cold, then at 4-0°, which dissolves the isobinitramidin 
•and leaves the binitramidin. The latter, after washing with alcohol, is 
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dissolved ill ether containing alcohol, and the filtered solution is eva- 
porated, either in the open air, or in an air-bath heated to 25° or 30°. 

Pi'opertics. White mass easily pulverized. 

Becliarap. 

12 C 72 .... 28-57 .... 27-7 29‘6 

2N 28 .... 17-11 

8H 8 .... 3*17 .... 3*47 

18 0 144 .... 51-15 

C32N2H801S 252 .... 100-00 

According to B6cliamp, the rational formula is C^-H®0®,2N0^. 

Decompositions, 1. Binitramidin is much more disposed to sjwn- 
taneous decomposition than mononitramidin, giving off red fumes a 
few days after its preparation. — 2. AYhen heated in a test-tube, it 
begins to give off red vapours at 175°, emits them in abundance be- 
tween 175° and ITS"', and deflagrates rapidly with a hissing noise at 
the last-mentioned temperature, leaving only a small quantity of white 
matter. — 3. Mixed with pounded glass and subjected to dnj distillation 
in a comhiistion-tubo connected -vith a cooled U-tuhe, it gives off: a, 
A gaseous mixture containing at different stages of the distillation 
from 01 to 42 p. c. nitric oxide, from 11 to 23 p. c. carbonic acid, from 
29 to 27 p. c. carl)onic oxide, a small quantity of nitrogen, and at the 
commencement of the distillation hydrocyanic acid, the disengagement 
of which however ceases at an early stage ; h. An acid liquid, 
wdiich has a disagreeable odour of tobacco-smoke, and quickly reduces 
nitrate of silver, especially wuth the aid of heat; — c. Charcoal, which 
forms a shining deposit on the inner surface of the tube. — 4. 
Binitramidin is reduced by feiTOus salts in the same manner as 
nitramidin, yielding soluble starch : 

+ i2FeCl + 2HO = 2'FePO^ + 4Fe"CF + 2NO" + 

ComJmafjms. Insoluble in wafer, and in alcohol, but soluble in pure 
ether and in alcoholised ether. Soluble in glacial acetic acid, but insoluble 
in a mixture of the glacial acid and the biliydrated acid, being in this 
respect exactly opposite to monitramidin (p. 109). Soluble in acetone, 
acetic-ether, and ivood-spirit : insoluble in c/^fore/br?^?, hgdrosiilphnrk ether, 
and methjlic alcohol. 


f 6. Isobinitramidin. 

.Becitamp. Ah Ann, Ohm, PJiys, 64, 322. 

Isodiniiramidin, Ficide isoiinitnqne. 

This compound is produced, together with hmitramldin, by thd 
process described at page 110, and is separated from the latter by alco- 
hol of 96 p- c. which dissolves it. On mixing the alcoholic filtrate 
with water, the compound separates as a very fine white powder, 
which agglomerates during desiccation, and then becomes strong^ 
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electric by trituration. If the alcohol be evaporated by heat, the isO' 
binitramidin separates in transparent laminEe. 


Rotatory power, [cc] 

= 131*5°. 






Bccliamp. 

12 C 

72 .... 

28*57 ... 

30*40 

2 N 

28 .... 

11*11 ... 

10*72 

8 H 

S .... 

3*17 ... 

3*25 

18 0 

144 .... 

57*15 ... 

55*63 

C^-N-HsO^s 

.... 252 .... 

100*00 

100*00 


C^"H®0®,2NO^ according to Becbamp (p. 108). 


Decompositions. 1. Isobinitramidin is even more subject than bini- 
tramidin to spontaneous clecompositioii. — 2. Heated in a test-tube, it 
begins to give off red fumes at 170°, and deflagrates like the preceding* 
compounds at 172°, leaving only a small quantity of white matter. 
— 3. Bj protocMoride of iron, it is reduced like the preceding com- 
pounds, yielding soluble starch. 

Combinations. Insoluble in rvater, soluble in alcohol of 96 p. c. ; 
dissolves with difficulty in ether, but easily in a mixture of ether and 
alcohol. With acetic acid, acetone, acetic ether, Chloroform, metliylic 
alcohol, amylic alcohol, and hydrosidphuric ether, it behaves like bini- 
tramidin. (Bechamp) 


Inulin. 

or C“H“0“ 

Valentik Rose (1804). A. Gehl. 3, 217. 

John. Chemische Schriften, 4, 73. 

Gaultier be Claubry. Ami. Chun. 94, 200. 

Payek. J. Pliarm. 9, 28d.—Ann. Ckim. Phys. 26, 102 ; Pepert. 18, 53 j 
Ann. Be. nat. Bot. 1840, 91. 

Strating-h. Report . 21, 418. 

Mulder. Ann. Pharm. 28, 278; P.pr. Chem. 15,299. 

Parnell. Ed. Mag. J. 17, 126; Ann. Pharm. 39,213; Jinr. Chem. 
26, 140. 

Croockwit. Ann. Pharm. 45, 184; abstr. J.pr. Chem. 28, 316. 
WosKBESENSKY. Petersh. Acad. Bull. 5, No. 3 ; J. pr. Chem. 37, 300. 
Bouchardat. Conpt. rend. 25, 274 ; abstr. Pharm. Centr. 1847, 782. 
Th. Anderson. H. Ed. Phil. J. 7, 136 ; J. pr. Chem. 47, 449. 
Thibault. H . j. Pharm. 25, 205 ; J.pr. Chem. 62, 253 ; Pharm. Cent 7 \ 
1854, 336. 

Bubrunpaut. Compt. rend. 42, 803; J. ?;r. Chem. 69, 208; Inst. 
1856, 174. 

(John); Alantin, Menyanthin (Tromnasdorff) ; Hahlin (Rayen) j Synan- 
fk&rin Binistrm (Marquart, Ann. Pharm. 10, 92.) — Braconnot's was formerly 

erroneously regarded as inulin.-- Discowered by Yal. Rose in 1804. 

Sources. According to Mulder and Woskresensk^q inulin is a 
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universally distributed constituent of plants, and is found especially 
in the roots of Inula Ilelenium (Rose), A7}gelica Archangelica (not in this 
root, according to Bucliliolz and Buchner), Anthemis Pgrethrum (John), Colcliicum 
autwimaU (Pelletier & Oaventou), Leontodon taraxacum (Mulder, Ilei'' 
berger, Pepert, 52, 399 ; Prickinger, Repert. 73, 45), Cichorium vifghus 
(Woskresensky) ; in the tubers of Dahlia pimiata (not in spring, according to 
Woskresensky), (Payen), (Braconiiot) ; in the stalks 

of Solanum. Dulcamara, in S2)ring, not in autumn (Jonas, N. Br. Arch. 
42, 130): in the buck-bean, to (Trornmsdorff) ; m morel 

(a kind of fungus) Beltz ; in Lerp^manna (from Eucaiijpjtus dumosa) to 
the amount of 13*8 per cent. (Anderson.) — Lichen fraxineus andZfc/iCM 
fastigiatus contain, accordmg to Berzelius, inulin, lichenin, or a substance 
of similar character. — 'The seeds of Ilelianthus annuus contain a non- 
fermentable substance, insoluble in cold water and in alcohol, which, 
after boiling with dilute acids, reduces copper from an alkaline solution, 
probably inulin. 

Preparation. A. From- Eleccvmpane-roots. — The roots are boiled 
with a large quantity of water, the decoction is evaporated, the 
extract exhausted ■with cold water, and the inulin which remains un- 
dissolved is -washed. (Gaultier, Stratingh.) — The roots are exhausted 
with hot water in a displacement apparatus; the concentrated 
infusion is evaporated to 10° or 12° Bm. and mixed with 2 pts. alcohol, 
and the inulin thereby precipitated is purified by reprecipitatiou with 
alcohol from its concentrated solution, and decolorised with animal char 
coal. (Thibault.) — Kbhiike {F. Br. A7-ch. 39, 289) boils elecampane- 
roots (previously exhausted with alcohol) wdth water ; evaporates the 
filtered extract to -g- or ; mixes it with alcohol till it becomes turbid ; 
collects the pale yellow inulin which separates after several days ; 
and purifies it by dissolving it in hot water, and washing' the inulin 
which separates on cooling with warm alcohol. — The helenin mixed 
with inulin prepared from elecampane-roots is extracted by boiling 
with alcohol. (Croockwit.) 

B. From Potatoes or DaJdia-tubers. < — 1, The pulverulent deposit 
wdiich separates in the cold from the expressed juice of potatoes is dis- 
solved in hot watei', and the solution is filtered, evaporated and left to 
cool, whereupon it deposits inulin. (Braconnot.) — 2. The nearly 
transparent juice expressed from dahlia- tubers is left to stand for some 
hours, whereupon it solidifies, from separation of inufin, to a stiff 
paste, which is to be washed and dried. (Ludwig, F. Br. Arr/n 82, 
163.) — 3. Dahlia-tubers rubbed to a pulp are washed on a hair sieve 
in a thin stream of water, as long as the liquid continues to rim 
through milky, and the inulin which separates from it on standing-, is 
collected — or in case it is slow in settHng' down, the turbid liquid is 
heated till it boils ; the coagulated vegetable * albumin is skimmed 
off; and the remaining liquid is left to cool; it then, after a few days, 
deposits a thick pulp easy to wash. (Liebig, A^in. Pharm. 2, 285.) — ■ 

Roots of Dahlia pinnala treated in this manner do not yield any inulin ; but this sub- 
stance settles down as a white powder when the aqueous extract of the fresh tubers, 
cut in slices, dried and pulverized, is evaporated, and the extract diluted with water. 
(Wittstein, JReperi. 71, 362.) — 4, Bahlia-tubcrs rubbed to a pulp are 
washed with cold water on a linen or woollen cloth ; the residue is 
boiled for half-an-hour with 2 pts. water and a small quantity of chalk; 

VOL. XV. 1 
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the liquid is expressed, the extract, after being* decolorised "with 
animal charcoal and clarified with albumin, is evaporated till a film 
forms on it, and the inulin which separates on cooling' is washed 
with cold water, and purified by solution in hot water and cooling, 
(Payen.) 

Parnell uses peeled and washed dahlia-tubers ; boils them for an 
hour and a-half with 5 pts. of water, and purifies the inulin which 
separates from the evaporated extract, by precipitating its aqueous 
solution with alcohol. Croockwit pui'ifies the iiinlin thus obtained by 
boiling it with alcohol. 

The inuiin contained in dahlia-tubers, and separable without alteration by Liebig's 
method, is called by Marquart {Ajin. Pkarm. 10, 92), Synantherin j while that which 
is extracted from the same source by hot water, he calls Sinistrin, The first forms 
small spherules whose envelopes are torn by the action of hot water, their contents, the 
sinistrin, then escaping while the envelopes remain, Inulin separated by cold water is 
therefore synaucherin, as it occurs in nature ; but that which is obtained, with hot water 
is altered syaantherin, or sinistrin. 

C. Ftom Dandelion-roots, — Obtained in the same way as from 
dahlia-tubers. (Wittstein, Mejpert, 71, 362 ; Herberger, Depefi. 
52, 399.) 


D. From Chicomproots, — The aqueous decoction is precipitated by 
neutral acetate of lead ; the filtrate freed from lead is evaporated till 
a film forms on the surface ; and the inulin which separates from it is 
purified by pi'ecipitating* its aqueous solution with alcohol. (Wosk- 
resensky.) 

E. From Lerp-manna, — The substance is exhausted with boiling* 
alcohol ; the residue consisting* of starch, cellulose and irinlin is well 
boiled with water, and the inulin, which separates from the filtered 
extract on cooling, is collected and washed till the wash-water no 
longer exhibits the reactions of starch. (Anderson.) 

Froj>ertks, Soft, wliite powder, resembling starch (Woskresensky, 
Biibxunfaut), consisting of microscropic granules similar in form to 
starch-gi'auulcs, but only of the size. (Baumann.) When dried on 
glass or porcelain, it forms a translucent, brittle, dazzling white mass, 
which swells up in water. (Liebig.) Yery friable. (Parnell.) 
Homy j but dull white if alcohol has been added to it before dryiiig 
(Payen) ; gammy (Parnell, Dubrunfaut). Marquart’s synantlieriu is a light 
brown, trausluceut, horny mass; his sinistrin a white, almost transparent, horny 

msss—sp. gi\ 1*350 (Payen); 1-462 (Dubrunfaut). — Sticks to the 
teeth and to moist paper. ■ — Very hygroscopic. (Dubnmfaut.) 
Tasteless. (Parnell) Inodorous. — Potatory power =34° 42' to the 
left. (Dubrunfant.) 


Payen, Mulder. Parnell. 





at ISO^* 

at 170® 

at 120° 

at 120° 

air-dried. 




a 

b 

c 

d 

e 

24 C 

144 .. 

.. 44-44 .. 

.. 44*55 ... 

. 44*19 ... 

. 44*13 ... 

.. 43*80 . 

... 43*37 

20 H 

20 .. 

.. 6*17 .. 

.. 6‘12 ... 

6*17 ... 

.. 6.19 ... 

.. 0*20 . 

6*40 

20 0 

160 .. 

.. 49*39 .. 

.. 49*33 ... 

49*64 ... 

49*68 ... 

50*00 . 

... 50*23 

Csqpjoo® . 

224 

. 100*00 .. 

.. 100*00 ... 

. 300-00 ... 

. 100-00 ... 

. 100*00 

... lOO'OO 




Croockwit. 
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ai 120°— IGO® 

at 100°— m'’ 

at 130° 

at 100° 


/ 

ff 

h i 

h 

1 

c 

... 43-37 .. 

.. 43-48 .. 

.. 52-38 .. 

.. 49-59 ... 

44*03 

.... 44*32 

H .... 

.... 6-23 .. 

.. 6*25 .. 

.. 6-86 .. 

.. 6-86 ... 

G-80 

... 6-19 

0 .... 

.... 50-40 .. 

.. 50-27 .. 

.. 40-96 .. 

.. 43-55 ... 

49-67 

.... 49-49 


100-00 .. 

.. 100-00 

.. 100-00 .. 

.. 100-00 .... 

100-00 

... 100-00 


a Normal] h soluble iniilin from Iceland moss] c from dandelion-, d from elecam- 
pane-root; e,,/* and ^ from dahlia-tubers ] ^ from chicory-roots; i from dandelion-roots, 
partially oxidised ; h from Lerp-manna. 

Corresponds to the formula (Payen, Mulder, Dubrunfaut) ; 

(Parnell) ; (Woskresensky) ; that prepared from dahlia-tubers corresponds 

to the formula from elecampane roots, to (Croockwit). 

The composition of inulin varies with its origin and mode of preparation (Croockwit), 
because it is oxidised by the joint action of heat and water (Woskresensky) ; it is always 
the same. (Dubrunfaut) 


Decompositions. 1. Inulin dried at 100® does not lose weigiit at 
ISO®, but towards 190® it turns yellow, and melts with slight loss of 
weight and some decomposition. (Dubrunfaut.) — It melts at a 
temperature somewhat above 100° (Braconnot) ; at 168°, with 
colouring and loss of weight, and becomes insoluble in water and in 
alcohol (Payen) ; forms a sweet mass, 'easily soluble in water (Bra- 
coniiot). — When fused at a gentle beat, it gives off water, and, after 
cooling, forms grey scales, which may be rubbed to a white powder. 
(Gaultier.) — 2. In the open fire^ it melts and volatilises in white 
pungent vapours smelling like burnt sugar, and leaves a small quantity 
of charcoal (only if it contains gum, according to Braconnot) ; at a 
stronger heat, it burns with a light blue flame. (V. Hose.) — 8. By distil^ 
lotion it yields brown empyreumatic acetic acid, but no free empyreumatic 
oil. (Rose, Braconnot.) 


4. When heated with loater to 100°, it is slowly but completely 
converted into non-crystallisable (Dubrunfaut), Imvo-rotatory (Bou- 
chardat), fermentable sugar (Croockwit). — The transformation takes 
place after 15 horns’ boiling (Croockwit); after 1|- hours’ (bgestion of 
inulin with water, the filtrate^ which gives hut a slight precipitate with 
strong' alcohol, leaves swmet gum when evaporated. (Woskresensky). 
It is not altered by prolonged boiling with water (Braconnot) ; by re- 
peated boiling with water it becomes gummy (John); somewhat soluble 
in water and alcohol (Fayen). 


5. By boiling with nitinc acid^ inulin is converted into malic, oxalic, 
and acetic acids, not into mucic acid. — Its solution in fuming nitric 
acid is not precipitated by water. (Croockwit.) — 6. By oil of vitriol^ 
it is turned yellow, then brown, and is ultimately carbonised. (Payen.) 
— Inulin boiled for 12 hours with vitriol and a large 

quantity of water, yields a small quantity of bitter-tasting sugar 
(Gaultier), digested with vitriol and a large quantity of water 

at 75®, it yields uncrystallisable, fermentable sugar, soluble in alcohol 
of sp. gr. 0*82 J, and sweeter than starch-sugar; with dilute phos- 
phoric acid, a still sweeter sugar is obtained ; with ^ 

sugar of inferior sweetness. (Payen.) 


Dilute acids convert inulin into sugar. 


both in the cold and when 
I 2 
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heated (Fayen, Braconiiot, Biibrunfaiit, Bonchardat); the trans- 
formation is not attended either with evolution or with absorption of 
gas. 

7. Aqueous arsenic acid dissolves inulin with aid of heat ; after 
continued action, the cooled solution no longer deposits inulin, and 
leaves on evaporation a rose-coloured mass, which afterwards be- 
comes darker and finally black, grape-sugar being first formed, then 
humic and foimic acids. (Baumann, N, Bi\ Arch. 37, 2G4.) 

4. Oxide of lead converts inulin wholly or partially into glucic acid, 
which, if afterwards exposed to the air, changes into apoglucic acid. 
A warm aqueous solution of inulin reduces other salts of lead, copper, 
and silver. If an ammoniacal solution of lead is precipitated by 
aqueous inulin, the filtrate separated from the white precipitate de- 
posits spiangles of lead after a few hours, and contains formic acid. 
(Groockwit.) 

9. Inulin is noi fermentable. (Bonchardat.) — Neither the aqueous 
solution nor inulin suspended in water ferments in contact with yeast, 
or with tartaric acid and yeast. (Dubrunfaut.) — Inulin suspended in 
water together with yeast ferments like sugar, but much more slowly, giving off 
carbonic acid, alcohol, and a small quantity of ammonia (Payen), hut only if it has been 
previously converted into sugar by the action of unwashed sour yeast. (Bouchardat.) 

10. Diastase alters neither the rotatory power nor the other pro- 
perties of inulin. (Payen.) — Inulin is digested in the stomach, and 
does not pass, as inulm, either into the mine or into the fmcos. 
(Bouchardat.) 

ComUnations. With Water. — A. Hydrated Inulin. — Gummy inulin 
immersed in wmter swmlls up, absorbs water, and crumbles to duU- 
looldng granules of millimetre diametei*, which do not exhibit the 
double refraction of starch. — Inulin kept in moist ah at 10° acquires 
a specific gravity of 1*361 ; gives off 11*25 p. c. water in dry ah at 
10°, and 4*75 p. c. more at 100°. (Dubrunfaut.) — Inulin -which has 
been diied in the hot-air chamber absorbs water and becomes opaque 
on being immersed in water. (Payen.) — Rotatory power = 26*16° to 
the left (Bonchardat) ; 29*46° (Dubrunfadt.) 


C24H20O20 , 

... 324 .. 

85*72 

Dubrunfant. 

2 HO 

.... 18 . 

... 4*76 .. 

.. - . 4*75 

4 HO 

.... 36 . 

... 9*52 .. 

11*25 


.... 378 . 

... 100*00 .. 



B. Aqueous Inulin . — Inulin is insoluble in cold water (Rose); 
nearly insoluble (Braconnot) ; slightly soluble (Parnell) ; soluble in 500 
pts. water at 0° (Payen); in 200 pts. at 10° (Dubrunfaut^ in 240 pts. 
between 12° and 18° (Biltz), in 50 pts. at mean temperature (although 
vegetable sap contains about 12 p. o. of the soluble modification, which 
changes into insoluble inulin only on standing). (Bonchardat.) It 
dissolves in 4- to ^ pt. water at 60° (Gaultier), abundantly in water 
at 66° (Dubrunfaut), easily in hot water (Parnell). 

A hot aqueous 10 per cent, solution of inulin does not deposit any 
thing on cooling, but after standing for 12 to 24 hours, it deposits such a 
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quantity of iiiiiliii, that from 4 to 5 p.c. still remains in solution, and sepa- 
rates but imperfectly after a very long time, probably in consequence 
of a molecular alteration of the inuliii* (Dubrunfaut.) — The aqueous 
solution of innlin is transparent ; gummy if it contains 1 pt. inulin to 
i pt. water, but not pasty (Gaultier) ; the solution of 1 pt. inulin in 
4 pts. water is less gummy than an equally strong solution of gum- 
arabic ; it may be filtered, does not froth when agitated, but if cooled 
deposits nearly all the inuhn in the crystalline form after a few hom*s 
(Eose) ; after 48 horns it solidifies to a white, opaque, em'dy mass, 
which cannot be poured out. (Braconnot.) A solution of 1 pt. inuhn 
in 17 pts. water at 15'^ does not deposit any tiling after 48 hours. 
(Payen, John.) — A concentrated solution of inulin in boiling water 
deposits transparent innlin on cooling, sometimes in crystalline ag- 
gregates; the solution saturated at 175° deposits on cooling aggre- 
gates of spherules and plates. (Payen.) — A concentrated solution of 
inulin becomes covered with a fflm on evaporation, and solidifies to 
a granular mass on cooling. (Payen.) 

2. With iodine, inulin obtained from elecampane-root forms a 
greenish yellow compound which in time loses nearly all its iodine, 
becoming pale yellow, and is decomposed by boiling water. (Gaultier.) 
— 3. Chlorine does not precipitate aqueous inulin. (Payen.) — 
4. Inulin dissolves with brown colour in oil of vitriol ; the solution is 
precipitated by ammonia, not by water or alcohol. (Gaultier.) — 5. It 
is not soluble in hydrochloidc acid (Gaultier) ; dissolves in dilute hydro- 
chloric acid (Biltz). For the decomposition of inulin by dilute and concentrated 
acids, see page 115. 

With Bases, — Inulin absorbs 3*29 p.c. ammonia. (Mulder.) — It 
dissolves in cold aqueous potash, forming a colourless solution which 
leaves, on evaporation, a nearly colourless gmn, and when mixed with 
acids deposits after a while unaltered inulin. 

Imilin-haryta. — ■ Produced by adding hydrate of baryta or chloride 
of barium mixed with potash to an aqueous solution of inulin. White 
curdy flocks, which gradually cake into a soft viscid mass. The warm 
aqueous solution, when left to evaporate, becomes covered with yel- 
low crystalline fibres. By repeated solution in water and evaporation 
of the solution, the compound deposits carbonate of baryta and becomes 
soluble in cold water. (Payen.) — Iimlin-baryta dissolves easily in 
nitric, with difSculty in hydrochloric acid (Gaultier) ; also in glacial 
acetic acid, and in excess of aqueous inulin. (Payen.) 

Aqueoiis-inulin docs not precipitate strontia-ivatcr, lime-iuate?', alumi- 
nate of2^otash, or silicate of jmtash. (Gaultier.) 

InuUn with Lead-oxide. — Aqueous inulin added to aqueous neutral 
acetate of lead mixed with ammonia, throws down a bulky compound 
(fiocculent according to Croockwit) of inulin and oxide of lead (Parnell), 
which must be pressed in air free from carbonic acid, and dried, first 
over oil of vitriol and sticks of potash, then for some hours at 100° 
(Croockwit.) — Aqueous inulin does not precipitate aqueous acetate of 
lead either neutral or basic (Parnell) ; at the boiling heat it dissolves 
26*7 p. c. lead-oxide in a few minutes, but is decomposed by half-an- 
hom'’s boiling therewith. (Muldei*.) — The compoimd of inulin and 
lead-oxide diied at mean temperature, is white, pulverulent, partially 
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deliquescent at 100°, and yaries in composition even wlien prepared 
under similar circumstances (Parnell), because, by tlie action of the 
base, the inulin is partly converted into sugar, and the sug'ar 
into gliicic acid. (Lowig, Org, Verb. 1, 363.) Inulin from daldia- 
tubers and inulin from elecampane-roots form different compounds with 
oxide of lead ; and even with the same kind of inulin, different com- 
pounds, enclosing various quantities of glucate of lead, are obtained, 
according to the quantities of ammonia and acetate of lead added, 
(Orookwit.) 

Parnell. Croock-vit. 

a If c 

from Dahlia- from Elecam^ from Dahlia^ 
tubers. pane-roots. tubers, 
at 100“ 


24 C 

144‘0 .. 

.. 22-46 

.... 22-46 .... 

.... 21-52 

.... 25-20 

IS H 

18-0 .. 

.. 2-79 

.... 2-94 

.... 2-85 

.... 3-32 

18 0 

144-0 .. 

.. 22*46 

.... 23-37 .... 

.... 22-56 

.... 27*56 

3 PbO 

335-4 .. 

.. 52-29 

.... 51-23 .... 

53-07 .... 

.... 43-92 

CS4Hiso«3PbO .... 

641-4 .. 

... 100-00 

.... 100-00 ... 

lOO’OO .... 

.... 100-00 




Pai-nell, 

Croockwit. 




d 

e 

/ 




from Dahlia- from Elecam- from Dahlia- 




tubers, 
at 100“ 

pane-roots. 

tubers. 

24 0 

.... 144 . 

... 16-14 

.... 16-65 ... 

19-13 .... 

.... 17-38 

21 H 

.... 21 . 

... 2-35 

.... 2-44 ... 

2-39 .... 

.... 2-16 

210 

.... 168 . 

... 18-83 

.... 18-48 ... 

20-61 .... 

.... 18-32 

5 PbO 

... 559 . 

... 62-68 

.... 62-43 ... 

57-87 .... 

.... 62-14 

CS4HS'0^,5Pb0 .... 

.... 892 , 

100-00 

... 100-00 ... 

100-00 .... 

100-00 

a contains, in the 

air-dried state, 7 p. 

c. water, d, 2 p, 

c. water, wliich is ffiven off 

at 100°. 






Calculation^ according to 
Parnell. 


Aqueous solutions of ferrous sulphate^ ferric sulphate^ cupric mlphate, mer- 
curic nitrate^ nitrate of silver^ and chloride of gold, are not precipitated by 
aqueous iuiilin. (Payen.) — Inulin is dissolved by aqueous cupr- 
ammonia, -without previous tumefaction (Cramer, J. pr. Chmi. 73, 16); 
the solution yields after a few hours, a copious blue amorphous preci- 
pitate insoluble in water and ammonia, soluble in tartaric and nitric 
acids. (Schlossberger, /. pr. Chem. 73, 373.)-— Inulin dissolves gradu- 
ally in aqueous nkhl-ainmonia, (Schlossberger, J. -pr. Chem. 73, 370.) 

Inulin dissolves in warm, but not in cold glacial acetic acid 
(Biltz.) 

Infusion ^of galls throws down from aqueous inulin a white some- 
what elastic precipitate (G-aultier), which redissolvcs ])elow 100*^ 
(Pelletier k Oaventou); it is not produced till after thc 3 lapse of 
6 hours, has a pearly lustre, dissolves in water at 50° (Payen), and, 
according to Braconnot, consists of inulin free from tannin. 

Inulin is insoluble in alcohol, (Rose.) Inulin from morel is insoluble in 
absolute alcohol and in ether, but dissolves in 100 pts. of 80 p. c, alcohol, and in a 
smaller quantity of 40 p. c. alcohol. 
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Lichenin. 

(j!i3Hi00w or 


Proust. J. Phjs. G3, 81 ; JSf, Geld. G, 502. 

Berzelius. Sclm. 7, 336. — Seller. Ann^ 3, 288. — Lelirhuch. 

John. Chem. Scliriften, 6, 41. 

GrU]ERiN“YARRY. Ami. CMm. Fhjs. 56, 247 ; J.p\ Cliem.o, 346 ; abstr. 
Ann. Fliarm. 13, 71. 

Mulder. Natuur en Sclieihmdig Areliief^ 1837, No. 4. — Bidl. de Neer^ 
land, 1838, 41 ; abstr. J. ‘pr. Chen. 15, 299 ; Ami. Pham. 28, 279. 
Payen. N. Ann. Sc. nat. Bot. 14, 206, 128, and 145. 

Steinberg- & Dietrich. J. pr. Chem. 25, 379. 

Vogel. Linnma, 15, 59 ; abstr. J.pr. Chem. 25, 382. 

Davidson. Ed. E. Phil. J. 28, 260; J.p>r‘ Chem. 20, 354. 

ICNop k ScHNEDERMANN. J.pr. Chem. 40, 389. Ann. Pliarm. 55, 164, 

Lichen^siarch, Bleehtenstdrhnelil, ‘Moosidrkmehl, LicJienine (Gugrin). — Formerly 
classed amongst the different kinds of vegetable mucuS;, but included by Berzelius among 
the starches. 

Sources. — In lichens and mosses, especially in Ceiraria islandica, 
G. glauca, Eamelina fraxinea, P. fastlglata, Ulnea larlata, U. plicata 
(Berzelius) ; in Parmelia pavietina, P. saxatdis, Peltigera canina, Cladonia 
rangiferina, G. pgxidata, Everniafarfaracea and Delessereajm nata ; in worm- 
moss (the produce of about 12 species of algsg) (Schmidt, Ann. Pharm. 
51, 58) ; in Sticta puhnonacea and others. — Ceiraria islandka contains 
inulin and starch as well as liclienin, the starch not occurring in 
granules, but forming an integrant part of the cellular membrane, 
which .consists of cellulose (Payen). — ^Lichenin does not occur in 
isolated granules, like starch, hut as a smaller mass imiformly dis- 
tributed amongst the cells (Knop & SchnedermannJ. — According to 
Maschke J. pr Chem. 61, 1), it is formed from starch by the action of 
the free acid in the Ceiraria islandica, and is identical with his soluble 
starch, (pp. 82, 86.) 

Preparation. 1. Iceland moss is freed from the bitter principle con- 
taijied in it, by a process given below ; it is then boiled for two hours 
with 9 pts. of water, strained boiling hot, pressed, and left to cool. 
The jelly which separates on cooling is freed from water by hanging 
it up in a linen cloth, or letting it lie on blotting paper. (Berzelius.) 
After this treatment it is still black, but is obtained colourless by 
dissolving it in boding water and precipitating tlie filtrate with alcohol. 
(Guerin-Varry.) 

Berzelius removes the bitter matter of Iceland moss by macerating 
lib. of the lichen for 24 hours with 18lbs. water and y^^lb. potash, and 
repeatedly washing it with water, without pressure. Payen washes suc- 
cessively with ether, alcohol of sp. gi*. 0*83 and 0*90, cold water, very 
weak solution of carbonate of soda, aqueous hydrocliloric acid of 
the strength of 1 percent., and- lastly, with pure water. — Davidson 
macerates 1121hs. of Iceland moss for 14 days with potash-ley prepared 
from 4ibs. of potash, or for 6 days with milk of lime prepared from Gibs. 
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of lime, then T^^aslies '«'ith dilute sulphuric acid, and liually with water. 
Chloride of lime may also be used for the maceration. 

2. A large quantity of hydrochloric acid is poured upon Iceland 
moss, and the clear solution obtained after diluting and straining, is 
precipitated with alcohol. The precipitated licheniri may bo freed from 
water, and rendered friable by repeated treatment with absolute 
alcohol, and then freed from adhering' hj^drochloric acid by immersion 
ill running' water. (Knop Sclmedermann.) 

In this iirocess, according to K. & S., two modifications of lichenin 
maybe produced. — a. If the mucilage prepared with fuming hydrochloric 
acid, and diluted, be mixed with alcohol till turbidity ensues, then with 
a little more alcohol, so that part of the lichenin and all the dirt may 
be thereby precipitated, then afterwards carefully strained, the liquid 
if necessai'y being' poured back, — a clear solution is obtained from 
which alcohol throws down white flocks. These flocks dried on a 
hair sieve, yield a colourless transparent mass, nndistinguish- 
able from common starch which has been boiled and dried again. 
— b. When the hydrochloric acid extract is immediately precipitated 
with alcohol, washed with aqueous alcohol, and boiled, a substance is 
separated by filtration which is no longer coloured blue by iodine, and 
exhibits the characters of Mulder’s lichenin. 

In a later communication, Knop and Sclmedermann make the follow- 
ing statement : — Lichenin prepared by h swells up in water to a slippery 
mass, which is coloured by iodine. If it he boiled with water, neither 
the clear solution nor the jelly which forms on cooling, is coloured 
blue by iodine ; but on precipitating with alcohol, the lichenin, freed 
from alcohol by washing with water, is again coloured blue by iodine. 

Fropertm. Colourless (Paj^-en) or yellowish, hard, brittle, trans- 
lucent mass, vitreous on the fractured surface. Difficult to pulverize. 
— Xeaiiy inodorous ; tasteless. Permanent in the air. 





Mulder. 

Knop & 
Schnedermann. 

24 <J 

144 .... 

.... 44*44 

44-29 

44*4 

20 H 

........ 20 .... 

.... 6-17 .. 

6-28 , 

6-0 

20 0 

160 .... 

.... 49*39 .. 

49*43 . 

49-G 


324 100-00 100-00 lOO'OO 

Knop & Sebnedemann’s lichenin was turned blue by iodine. 

According to GuSrin-Varry, lichenin is ; see his analysis (.flnw, CMm. 

Phys. 56y 245 ) ; according to Togel, it resembles amyloid, inasmuch as, like that sub- 
stance, it forms the cell-walls of lichens. 

I)ecomposiiio?iS. 1. Lichenin yields by dry distillation products 
doubtless similar to those obtained from starch. It yields 
carbonic acid, carbonic oxide, a small quantity of carburettccl hy- 
drogen, aqueous empyreumatic acetic acid, and a brown oil, but no 
ammonia, and leaves a charcoal. (Berzelius). — Accordizig to Proust, 
traces of ammonia are likewise obtained. — 2, The aqiieoxis solution of 
lichenin slowly turns mouldy on exposure to the air, but without 
acquiring any bad taste or smell. (Berzelius.) — It turns sour in a few 
days. (Guerin.) — 3. By continued boiling of its aqueous solution, it 
partly loses the property of separating on copliiig. (Berzelius.) — 4. By 
boiling with very dilute sidpJiuric acid, it is partly converted into sugar. 
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(Ivirchboff, Bchw. 14, 388). lOO pts. treated with 250 pts. oil of vitriol yield 
53*91 pts. anhydrous sugar.— 5. Chloniu gets passcdinto the solution removes 
any accidental brown colour, without producing further decomposition. 
(Berzelius.) — 6. Gently heated mtric acid dissolves lichenin v/ith 
facility, producing a non-inucilaginous fluid, while, at a higher tem- 
perature, oxalic acid is formed, but neither niucic acid, nor stearin. 
(Berzelius, Proust.) lOO pts. liclienin set aside for a month, at a temperature of 
20® to 25° in contact with 600 pts. nitric acid of sp. gr. 1*34, yield saccharic acid, and 
at 40° a much larger quantity. If the liquid be heated to 60°, it yields on cooling 
crystals of oxalic acid, 100 pts. lichenin producing 48*17 pts. of the hypothetical anhy- 
drous acid. (Guerin.) 

CgmUnatlom , — Lichenin immersed in cold icater slowly swells up to 
a considerable mass, but mthoiit perceptibly dissolving'. In boiling 
water, it dissolves completely to a thick guim. The concentrated solu- 
tion solidifies to a jelly on cooling. (Guerin- Varry.) The solution, if 
left to evaporate, becomes covered with films soluble in water. (Guerin, 
Berzelius.) The jelly gradually contracts on standing, so that the 
supernatant water still retains a little lichenin in solution, becomes 
covered with a crust if longer boiled,- and ultimately loses the power 
of gelatinising on cooling (Berzelius) ; it is thereby converted into a 
gummy mass. (John .) — Iodine colours lichenin greenish-brown, accord- 
ing to Berzelius; blue, according to Guerin- Yarry, but much less 
deeply than starch ; yellow, according to Mulder, or green from admix- 
ture of starch. {Comp, Knop & Scbnedeiinann, p. 120). The green 
solution of iodine in lichenin set aside in open vessels for 24 hours, 
deposits lichenin, leaving iodide of starch in solution. (Mulder.) — 
The decoctions of Cetraria islcmdica and Farmelia ptanethia acquire a 
fine blue colour when treated with alcoholic tincture of iodine, that of 
Sticta pidmonacea becomes bluish-green ; all these decoctions are de- 
colorised by boiling ; but that of the fia*st-mentioned lichen recovers 
its blue colour on cooling. (Mulder). 

In fuming hydi’ochloric acid, lichenin swells up to a jelly as trans- 
perent as glass, from which alcohol precipitates unaltered lichenin. 
(Knop & Sclmedermami), 

Lichenin absorbs 2*66 p. c. ammonia qas^ but gives it up completely 
at 100°. Mulder). 

With aqueous p^otash it forms a pale yellow, perfectly mobile solu- 
tion not precipitable by acids. (Bei'zelius). — The films which collect on 
the snifacc of aqueous lichenin while boiling, are rendered ductile, like 
turpentine, by immersion in aqueous potash. (John). 

Lichenin dissolves in hot aqueous carbonate of j^otasJij also in hot 
baryta- and lime-water, (Berzelius). 

Lead-compound of Lichenm. Basic acetate of lead is dropped into hot 
aqueous lichenm, and the product is washed and dried. — YHiite pre- 
cipitate containing 55*26 p. c. oxide of lead 4PbO = 57*9 

p. c. PbO). (Mulder). It dissolves in acetic acid (Guerin). Aqueous 
lichenin from Bamelina fraxinea is not precipitated by basic acetate of 
lead. (Berzelius). 

Lichenin is rendered slightly turbid by mercurous nitrate ; not pre- 
cipitated by acetate of alumina or fer?'ous siclphate. 

Infusion of galls produces a imecipitate in the aqueous solution of 
lichenin from LameMnafastigiataoTM. fraxinea, (Mulder, Fhys, Ghem, 225.) 

Lichenin is insoluble in cdcoJiol and in ether. 
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Paramylone. 

or 


G-ottlieb. Ann, Fliann. 75, 61 ; Pliarm, Centr, 1850, 85G* 

In Euglena nriclis, a green infusorinm living in water. 

Fresh Euglence, mechanically freed from adhering vegetable matter, 
sand, &c., are exhausted successively with ether, 80 p. c. alcohol, and 
boiling alcoholic hydrochloric acid, to remove fat, colouring matter, 
and nitrogenous substance, whereby the envelopes of most of the 
animalcules are lacerated, and granular paramylone is set free. From 
the resxilting mixture of ]3aramylone envelopes, and uninjured animal- 
cules, the two latter are for the most part removed by repeated 
stirring vdth water and straining, the water wliich runs through then 
depositing paramylone in a purer state. Paramylone thus prepared still 
retains about 1*4 p. c. ash and membranes, which may bo removed by 
dissolving it in weak potash-ley, precipitating the filtrate with hydro- 
chloric acid, and wasliing out the jelly. In the course of the prepax’ation 
a brown substance is formed by the action of the potash on the 
admixed membranes : it may be removed by repeatedly dissolving the 
paramylone in potash-ley and precipitating with hydrochloric acid. 

Properties, WMte granules, which are smaller than those of 
wheat-starch; and give off their adhering water at 100'’. — After 
precipitation from the potash-solution by hydrochloric acid, and 
drjdng, it ' forms irregular, pale yellow, translucent, tenacious, 
scarcely friable lumps, which do not give off their adhering water 
below IlOh 


Gottlieb, 
a. h. 





at 100® 

at 110' 

24 C 

.... 144 

.... 44*44 ... 

44-87 . 

... 44-22 

20 H 

.... 20 

.... 617 ... 


... 6-30 

20 0 

.... IdO 

49*39 ... 

43*76 

... 49'4S 



.... 324 

.... 100*00 ... 

. ... 100*00 

100*00 


a, after deducting 1*4 p. c. ash; h paramylone purified with potash-ley. The com- 
pound is nearly related to cellulose. (Gottlieb.) 

Eecompositions, 1. Meltswlien7imfei/,andburns with an odour of sugar, 
leaving an easily combustible charcoal — In ah* heated to 200° it does 
not melt, but turns brown and then yields to water, a tasteless gum, 
insoluble in alcohol. — 2. With futjic acid it yields a large quantity of 
oxalic acid. — 8. It is not altered by hot dilute acids; by boiling for six 
days with diiute sulphuric acid, it is partly converted into a brown, 
greasy mass, which decomposes aqueous potassio-cuprio tartrate only 
>t the boiling* heat, with separation of cuprous oxide. — A. Boiled 
with strong hgdrochhric acid, it dissolves to a brown syrup containing 
fermentable sugar, capable of reducing potassio-cupric tartrate. — Pa- 
ramylone is not converted into sugar by diastase. 



CELLULOSE. 


123 


Comlinations, Paramyloiie is insoluUc in water. — That which has 
been precipitated by acids swells np in wader, bnt without gelatinis- 
ing. — It is not coloured by iodine. 

Paramylone does not dissolve in dilute acids, or in aqueous ammonia, 
either cold or at the boiling heat. — It dissolves without decomposition 
in strong qMasli-ley, and is precipitated therefrom by carbonic acid 
almost in the ])ure state; by acidulated alcohol in white flocks; by 
absolute alcohol in combination with a small quantity of carbonic 
acid and potash. The last precipitate dries up to a yellow, 
translucent mass, and gives up potash when washed with alcohol. 

Paramylone is not altered by saline solutions, and is insoluble in 
alcohol and ether. 


Cellulose. 

0122X0010 or 

PoUEcnoT. Bysteme des Connaissances chimiqiies, 8, 87. 

Peoust. J. Phys. 48, 460 ; Bcher. J. 7, 707. 

Sausstjee. a. Qehl, 4, 681. 

Eumeoed. Scliw. 8, 160. 

BeacoisNOT. Ann. Clmn. Phys. 12, 172 ; Schw. 27, 328; Qilh. 63, 347. 
Beaue. L. Ed. Mag. J. 11, 421. 

ScHLEiDEN. Wiegm. Arch. 1838, 59; Pogg. 43, 391. — Ann. Phan/i. 

42, 298. — Gimndz. d. wissensch. Botanik, Leipzig*, 1849, 1, 172. 
Liebig. Ann. Pliarm, 17, 139. — 30, 266. — 42, 306. 

Payek. Ef. Ann. Be. nat. Bot. 11, 21 and 27. — 14, 37. — Compf. rend, 18, 
271. — Conipt. rend. 48, 210 and 275 ; N. J. Pharm. 35, 88 and 185 ; 
abstr. Pep. Chwupure, 1, 270. — Compt. rend. 48, 319, 326, 328, 358 
and 362. — Gompt. rend. 48, 772 and 893; abstr. Rep. Chini. pure, 1, 
359 and 434. 

P. L. WiNGKLEE. J.pr. Chem. 17, 65. 

HEEMAm Epr. Chem. 23, 380; 27, 165. 

pEOHBBKa. Bcheih. Onderzoch. 2, 36 ; abstr. Ann. Pharm. 48, 353 ; 
J. pr. Chem. 32, 198. 

V. BAunnATJEE. Bchdk. Onderzoelc. 2, 62 and 194 ; abstr. Ann. Pharm. 48, 
356 ; J.qyr. Chem. 32, 204 and 210 ; Ef. Br. Arch. 53, 68. 

Muldee- Scheilc. Onderzoch % 76; abstr. Ctoi. 32, 336. — J-pr. 
Chem. 39, 150. 

Blonbeaij be Oaeolles. Rev. scient. 14, 476 ; abstr. /. pr. Chem. 
32, 427. 

Rochlebek & Helbt. Ann. Plmnn. 48, 8. 

ScHAFFNEE. Ann. Pharm. 50, 148. 

Bochleber. Ann. Phar?n. 50, 225. 

Rebtscil Jakrb. pr. Pharm. 14^, 2 d. 

PoumaeAde & PiGUiEE. Eleiiioire sur U Ligneux, etc., Paris, 1847; iV. 

/. Phann. 12, 81 ; J. pr. Chem. 42, 25. 

Chobeew. Ann. Pharm. 51, 393. 

Mitsheeljch. Berl. Ahad. Ber. 1850, 102 ; Ann. Pharm. 75, 305 ; /. 
pr. Chem. 50, 144. 

P. Schulze. Beitrdge zur Kenntniss des Lignins, Eostock, 1856 ; abstr, 
Chem. Gentr. 1857, 321, 
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ScinvEizEK. Cheui. Oenti\ ISoS, 49; Chem. 72, 1095. — J. pr. 

Chem. 78, 370; Eep. Clum.puTe^ 2, 142. 

Ceaiiek. /. pr, Chem. 73, 1 ; Chem, Centr, 1858, 50 ; abstr. Cowpt, rend. 
48, 270. 

ScHLOSSBEHGEE. Anil. Phnnii. 107, 22 ; J. pr, Chem. 73, 370 ; N. Br. 
Arch 95, 145. — Ann. Fharm. 110, 246; 2^. Jahrh. Fharm. 12, 6; 
abstr. J.jir. Chem. 77, 508; Pep. Chim.pure^ 1, 432. 

Eedmaxn & Mittenzwey, j. pr, Chem. 76, 386; Chem. Centr. 1859, 
642. 

Feejit. Compt. rend. 48, 202 ; IF. J. Pkarm. 35, 81 ; abstr. Eep. Chini. 
jmre, 1, 269. — Compit. rend. 48, 325 and 360. — Compt. rend. 48, 667 
and 862 ; N. J. Fharm. 35, 321 and 401 ; abstr. Inst. 1859, 121 and 
151 ; Eep, Chim, piure, 1, 357 and 433 ; Fharm. Vierteljalir. 9, 221. — 
N. J, Fharm. Inst. 1859, 357 ; Eepi. Chim. pure, 1, 602 ; Chem. Cenir. 
1860, 4. 

Pelouze. Compt rend. 48, 210 and 327; JSI J. Fhamn. 209 •, Inst. 
1859 ; Eep. Chim. p>ure, 1, 272; Bingl. 151, 394. 

Specially relating to Follenin. 

John. Chem. ScJiriften, 5, 39 ; Schia. 12, 144. 

Buchholz. a. GeJil. 6, 573. 

Feitzsche. Fogg. 32, 481. 

Braconnot. Ami. Gliim. Fhys. 42, 98; TV'. Tr. 21, 164. 

Herapath, Chem. Soc. Qu.J. 1, 1. 

Muspeatt. Ami. Fharm. 51, 280. 

Specially relating to Fiuigin. 

Beaconnot. Ann. Chim. 79, 276. 

Vapquelix. Sclav. 12, 253. 

Schrader. Schw. 33, 410. 

Payen. N. Ann. -S c. nat. Bot. 14, 89. 

ScHLOSSBERGER & DoPPiNG. Ann. Fharm. 52, 113. 

Woody Fibre, Lignin^ ZelUtoffFJiamen-zelhtoff, Faser, Holzfctser, PJlanzen/aser, 
Pfimizerfaserstoff, Lignenai. 

Payen and others make a distinction, between cellulose or woody fibre properly so- 
called, and the encysting matter (Turpin's sclerogen, Schulze's lignin) which they 
regard as a peculiar constituent of the cellular tissue. This encrusting matter has not 
however been isolated, and Schleiden {Grundzuge d. ivissensSi, Bot. Leipzig, 1849, 1, 
173) contests its existence as a distinct compound. The encrusting matter treated suc- 
cessively with potash and iodine, assumes an orange-yellow colour, and is thsi*eby dis- 
tinguished from cellulose, which turns blue under the same circumstances. (Payen, N. 
Ann. Sc. nat. Bot 13, 805.) Schulze’s lignin dissolves in a mixture of chlorate of 
potash and nitric acid, in oil of vitriol, and in a concentrated aqueous solution of chloride 
of zinc (comp. Payen, N. Ann. Sc. nat. Bof. II, 27; abstr. Compt: rend. 81, 51 ; 
J. jir. Chem. 16, 436. — v. Baumhauer, Scheih. Onderzoeh. 2, 62; J. pr. Ohem. 32, 
204; Repert. 95, 220. — P. Schulze, Beitrdge ziir Keniniss den Lignins, Rostock- 
1856 ; al3str. Chem. Centr. 1857, 321). 

Tbe substances formerly distinguished as Follenin, Fungin or MedulUn, appear to 
be nothing but cellulose in various degrees of purity. A few other substances allied to 
cellulose are treated in an Appendix. 

Sources. 1. In the Vegetable Kingdom. — Cellulose forms tbe 

principal part of the cellular tissue of plants. It is indispensably 
necessary for the fonnation and development of the cells (Schleiden) ; 
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it is tlie plastic material, not only of the inimaiy cell- wall, hut likevvuse 
of all the spiral or otherwise formed deposits which attacli themselves 
to its inner surface as the plant grows, and appear to partake of the 
structure of the cell-wall itself. (Sclieidcii, Schulze.) Cellulose is 
found in its purest state in the wmlls of young vegetable cells, as in the 
spongioles of the rootlets, the younger organs of the leaf and flower, 
the fleshy structures of certain fruits, &c. ; more frequently, however, 
it is found associated or combined with foreign matters, especially ii-^ 
the cell-walls of older plants, in the wood, &c. Such foreign admix- 
tureKS, produced as the gTowth of the plant advances, and often very 
intimately united with the cellulose are: colouring matters, fats, 
resins, gum, mucus, starch, sugar, and salts, both organic and 
inorg’anic. According to Payen, cellulose, even in the youngest parts 
of plants, is united vdth a nitrogenous substance, resembling protein. 
On Payen’s matiere incrustante, see page 124. 

Premy {Comjpt. rencL 48, 202) is of opinion that the cell- walls of plants 
consist, not of one, but of several substances, because he finds that 
cuprammonia (see Comhmatiom, p. 142) dissolves only the outer wall 
of many vegetable cells, forming a solution from which pure cellulose 
may be separated by water, and leaving an inner membrane (coloured 
green by the re-agent and yielding poetic acid when treated with 
acids), whereas other plant-coils are not attacked by aqueous cupram- 
monia. lie likewise admits the existence of various kinds of 
cellulose, whoso different behaviour towards solvents is not determined 
by their different degrees of cohesion, inasmuch as the solubility of 
cellulose in aqueous cuprammonia is not in proportion to its 
cohesive power. Nevertheless, Payen {Compt. rend. 48, 210) is of 
opinion that the different chemical relations of vegetable cellular mem- 
branes are determined by admixtures of organic and inorganic sub- 
stances, as well as by their different dogTees of cohesion, which latter 
cannot be measured solely by the hardness of the different substances 
composed of cellulose or woody fibre. Tims, according to his obser- 
vations {Compt. rend. 48, 319), the cellulose in the pith of the stem of 
herbaceous and woody plants, both above and below the surface of 
the soil, does not differ greatly from that which constitutes cotton and 
other fibres used for spinning, and the cell- walls of the various kinds 
of vegetable tissue. But after Pelouze {Compt. rend. 48, 210 and 327) 
had observed that cellulose which has been dissolved in aqueous 
cuprammonia and precipitated by hydrochloric acid, is much 
more soluble in hydrochloric acid than natural cellulose, — ^and that 
cellulose treated with melting potash at 150° — 190° becomes much more 
soluble in weak aq\icous potash, — and had thence concluded that the 
latter kind of cellulose is a modification of that which occurs naturally, 
Payen {Compt. rend. 48, 358) likewise recognised the existence of dif- 
ferent isomeric modifications of cellulose, although he still maintained 
that the skeleton of plants, the walls of the cells, fibres, and vessels 
in general, consist of one and the same kind of cellulose, and that the 
various conditions of cellulose in plants are determined essentially fiy 
their state of aggregation or by the presence of foreign' bodies.— 
Fr6my on the other hand maintains {Compt. rend. 48, 67) that the dif- 
ferent modifications of cellulose cannot arise from the admixture of 
foreign substances, inorganic compounds, for example, inasmuch as 
the solubility of cellulose !.in cuprammonia may vary, although the 
amount of inorganic matter associated with it remains constant ; 
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thus the insoluble pith of plants is rendered soluble by many hours 
heating to about 150° or by prolonged boiling. As isomeric modifica- 
tions of natural cellulose, he distinguishes: 1. That part of the vege- 
table tissue which is soluble in aqueous cupranimonia, — the true 
cellulose or luoody fibre ; — 2. The part which is insoluble in aqueous 
cupramrnonia, but is rendered soluble by treatment with certain 
chemical re-agents : Pamcellulose. The latter is found in nature associ- 
ated with true cellulose, constituting the utricular tissue of the medul- 
lary rays. As two further modifications, Fremy distinguishes Vciscu- 
lose, which forms the vascular tissue, and Fibrose, which forms the 
woody tissue, both of which differ in some respects from true cellulose. 
{vid. wf.) 

Cellulose occurs tolerably pure in the fibre of cotton, flax, and hemp, 
therefore in bleached linen ; in the byssus used for wrapping mummies 
(Thomson, Ann. Pharm. G9, 128); in white (Swedish) paper. — It 
occurs pure (not piue, according to v. Baumhauer) in the pericarp of 
Phytelephas (Pajmn) ; is contained, to the amount of 12 per cent, in the 
manna of Eucali/ptiis dimosa (Anderson, Ah Ed. Phil. J. 47, 132 ; J. 
Chem. 47, 449) ; it forms the envelopes of starch- granules (Melsens) ; 
the membranes which enclose the granuloseof starch-granules (Nageli, 
Die StUrhnehlkdrner, 1858); it is a constituent of lignite and coal 
(Schulze, Lieh. Kopp. Jaliresher. 1855, 702 and 1019). 

As Pollenin. In the pollen of flowers: of tulips (John), of date- 
flowers (Fourm’oy & Yauquelin, A, GehL 1, 507), of filies and of Cactus 
speciosissiinus in the seeds of lycopodium (Buchhol'z. A. GehL 

6, 573). — AsmeduUin, in the pith of plants, especially of sunflowers 
and of the elder-tree (John, Chem. Schriften, 4, 204).-— As Fungin 
in fungi, as Agaricus volvaciiis, A. gnperatiLS and A. stypticus, Boletus 
juglandis, and B. pseudo-igniarius, Phallus impudlcns, Merulius Cantharel- 

Eydmm repandim and H. hybridiun, Macor septicus, (Braconnot, 
Aw/n CFm. 79, 276); Agaricus cainpestris, A. hulhosus, A. tlmgalm^ A. 
musearhis (Yauquelin, Schw. 12, 253); Helvetia mitra (Schrader, Schw. 
33,410). — As Lichenin in the skeleton of lichens (p. 119). — The cellu- 
lose of Iceland moss appears to be in a state of transition between 
true cellulose and starch (Fromberg). — As corlc cellulose: existing in 
an impure state in cork, the outer bark of the cork-oak. 

2. In the A7iimal Kingdom. — Degenerated human spleen and some 
parts of the human brain contain a substance resembling cellulose 
(Yirchow, Compt. rend. 37,492 and 860). — In the skin of silk- worms, 
probably also in the wing-cases of cantharides, the shells of crabs and 
lobsters (Peligot, Compt. rend. 47, 1037 ; MSp. ChM. pure^ 1, 234) ; not 
in the wing-cases of cockchafers or in the carapaces of craw-fish and 
shrimps, therefore also probably not in the skin of the silk- worm 
(Stadeler, Am. Pharm. Ill, 28). see Tmicin. 

On the formation of cellalose in plants, see Scbleiden, also Rosignon {Compt. rend. 
14, 873). On the detection and estimation of cellalose, see Poggiale {N. J. Pharm. 
36, 121). 

Preparatmi. A portion of a plant containing cellulose as nearly 
pure as possible — such as cotton, flax-fihre, hemp-fibre, pitli, Ac., is 
exhausted successively with water, alcohol, ethei’, hydi’ochloric acid, 
and aqueous alkali, then perhaps treated with chlorine, and dried afteh 
thorough washing. 
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1 . Payeii boils finely pulverized oak-, beech-, or acacia- wood to dryness 
with potash-ley three times in succession ; washes with water, hydro- 
chloric acid, ether, and alcohol ; boils with water ; treats the remaining 
substance repeatedly vdth aqueous ammonia, potasli, hydrochloric acid, 
and water in succession, sometimes also suspends it in water and treats 
it with chlorine ; and finally washes it with alcohol and ether. — Or he 
exhausts finely divided fir-wood with water, alcohol, ether, acids, and 
weak soda-ley, then with hot concentrated soda-ley, afterwards with 
hydrochloric acid and water; triturates the woody-fibre on a grindstone; 
treats it, suspended in water, with chlorine g’as; and lastly with 
aqueous potash, hydrochloric acid, and water in succession. The 
perisperin of Phjtehphas exhausted successively with aqueous ammonia, 
water, alcohol, ether, then agnin with alcohol, ammonia, glacial acetic 
acid and water, yields pure cellulose. (Payen.) 

2. Spiral Amssels of Agave americana^ elder-pith, or the pith of P%- 
tolacca decandra are exhausted with glacial acetic acid, water, alcohol, 
and ether successively, or with one or more of these re-agents (Mulder). 
White cotton is boiled for half-aii* hour with dilute sulphuric acid, then 
for a while with strong potash-ley, afterwards washed with wmter, 
alcohol, ether-alcohol, and finally with boiling water. (Blondeau de 
Carolles.) 

3. Dried parts of plants, such as Agaricus alhus^ turnips or white 
cabbage, or Iceland moss pre\iously exliaustcd for several days with 
weak soda-ley, are boiled with water, till the decoction is no longer 
colom-ed by alcoholic iodine, and runs off nearly colourless ; the resi- 
due is repeatedly digested with soda-ley of 10 percent, till the extract 
is no longer precipitated by hydrochloric acid ; and the residue, after 
being washed with waterand pressed, fis successively digested with alco- 
hol heated to 30^, repeatedly with ether and with dilute hydrochloric 
acid (1 : 21), and finally exhausted with water and alcohol. (Fromberg.) 

4. Finely comminuted parts of plants contaiiiiug woody fibre are 
macerated four times in succession for seven days each with cold potash- 
ley, the residue being each time washed for a long while with water 
and glacial acetic acid, and finally well boiled with water, alcohol, and 
ether, (v. Baurnhauer.) 

5. One part of vegetable tissue is macerated for fourteen days at a 
temperature of about 115° in a mixture of 12 pts. nitric acid of sp. gr. 
1-160 and 18 pts. chlorate of potash — cellulose being then taken up into 
the solution, and the residue is washed with water and with alcohol. 
(Schulze.) Cellulose thus prepared is contaminated with considerable 
quantities of a chlorinated substance produced by the action of chlo- 
rine on the woody fibre. (Ritter, Private communication.) 

6. The pith of elder-stems, burdock-roots or sunflower-stalks 
gathered in August and comminuted, is exhausted successively with 
water,' alcohol, and ether, then with weak potash- ley, and washed with 
water. (Schaffner.) 

The following plants and parts of plants also finally leare cellulose 
when treated as follows: 

7. Finely pulverized coffee-beans are exhausted as completely as 
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possible with ether, alcohol, water, boiling' weak potash-ley, boiling' 
dilute hydrochloric acid, and water; the residue rubbed up to a pulp 
with water is left to itself till white flocciilent cellulose has settled 
down, and this deposit is dined and exhausted with absolute alcohol. 
(Eochleder.) — 8, Lichens are exhausted wdth cold ^yater, alcohol, 
aqueous ammonia, glacial acetic acid, and ether, and lastly boiled with 
■water (Payeii) ; tliey are exhausted wdtli alcoholic ammonia, weak 
alcohol, other, alcoholic potash, boiling aqueous potash, a largo quan- 
tity of water, boiling' weak hydrochloric acid, and boiling watcr- 
(Eochleder & Heldt.) They are steeped for four to six days ii i concentra- 
ted bydrocliloric acid reneAved every day, and the residue is repeatedly 
exhausted by successive treatment with alcoholic ammonia and hydro- 
chloric acid, Avhicli however docs not completely remove a brown 
substance formed from the cetraric acid. (Kopp & Schuedermann.) — 

9. Pressedj*dried, and finely comminuted Confervee are exhausted wdtli 
alcohol, aqueous ammonia, dilute soda, and potash-ley, and the residue 
suspended in AAmter is treated Avith chlorine, and afteiwarcls washed 
Avith Aveak hydrochloric acid, Avater, ether and alcohol. (Paycn.) — 

10. Pungi, after being pressed, are exhausted with AAmter, alcohol, 
and weak aqueous potash (Braconnot), or reduced to dry powder, and 
treated successhmly AAuth ether, alcohol, hot ammonia, liydrochloric 
acid, and weak aqueous potash, continually washed in the intervals with 
Avater, then diffused in water and treated Avith chlorine, and finally 
again treated Avith alcohol and ether. (Payen.) ■— 11. The pollen of 
tulips is exhausted successively Avith AAmter, alcohol, and aqueous 
potash. (John, Buchholz.) — 12. Easped cork is exhausted Avitli alco- 
hol, boiled Avith 8 pts. nitric acid, of sp. gr. 1*30, till the auberin is 
dissolved and the wax has separated as an oily layer, and the coliuloso 
diffused in flocks through the acid liquid, is repeatedly Avashed Avith 
alcohol. (Schlossberger & Bopping, Ann, Pharm, 52, 113.) 

Properties, In the moist state colourless and translucent; in the 
dry state, white, and nearly translucent. Different in apjiear- 
ance according to the tissues from which it has been obtained, it either 
exhibits the original structure of the vegetable tissue, or consists of a 
netAvork of fibres more or less united with one another. 

Closely aggregated cellulose is obtained from ebony-, guaiac-, and 
oak-Avood, from the pericarp of Amgetable ivory (Phi/tekphas), from 
nuts, from nodes of grass-stems, &c ; loosely united cellulose is yielded 
by cedar-, pine -5 and birch- wood, the stems of grasses, herbs, &c. Very 
easily separable, and at the same time very long, tough, and flexible, 
ai’e the fibres of flax, hemp, New Zealand flax {PJiormkm tencu)^ and 
cocoa-nut, the sphal Amssels of the pisang, &c. ; completely separated 
very flexible and tough, are the fibres of cotton and of seed- wool in 
general. 

Cellulose, separated from its solution in aqueous cupramnionia, 
forms loose flocks, which dry up to grey, horny lumps translucent 
on the eflges (Schweizer, Schlossberger) ; after precipitation with 
alcohol, it forms Avhite threads, which crumble to a white poAvder 
Avhen AA^ashed with hydrochloric acid (Erdmann), — Sp. gr. of Avoody 
fibre 1*25 to 1*5; of cotton, 1*24; of flax-fibre, 1*45. (Kopp. 
Pharm, 35, 39.) — Inodorous and tasteless. 



CELLULOSE. 


129 


Calculation 


Accordhuj to Payen- and Mitscherlich. According to Mueder and B^aemh axier. 


24 C 

.... 144 ..., 

44-44 .. 

.. 24 C 

144 ... 

43-24 

20 H 

.... 20 ... 

6-17 .. 

.. 21 H 

21 ... 

6-31 

20 0 

.... 160 ... 

49-39 .. 

.. 21 0 

16S ... 

50-45 

C24fJ20O20 

.... 324 ... 

100-00 .. 

.. C21H21021 ... 

..... 333 ... 

100-00 


Ure. % Payen. 





/ ' 

Ovule of 


Tissue 





AmygdaL 

Apple- 

Sun- 

of 

Elder- 


Flax. 

Cotton. 

saliva. 

blossoms. 

flowers. 

Cucumber. 

pith. 




a. 

1), 

c. 

d. 

c. 

c 

42-81 . 

... 42-11 

43-57 . 

... 44-7 .. 

.. 44-1 . 

... 43-80 ... 

. 43-37 

H 

5-50 . 

... 5-06 

... 6-11 . 

... 6-0 

. 6-2 . 

... 6-11 ... 

6-Oi 

O 

51-69 . 

... 52-83 

... 50-32 . 

... 49-3 .. 

. 49-7 . 

... 50-09 ... 

. 50-59 


100-00 . 

... 100-00 .. 

... 100-00 . 

... 100-0 .. 

. 100-0 . 

... 100-00 ... 

100*00 


Payen. 


Pith of 
AcscMno^ 
mens. 

Cotton. 

Spongiole.s 
of the 
Rootlets. 

Leaves 

of 

Cifcltorium iniyl). 

AylanVms 
glandalosa, 
at 180°. 

/. 

0- 

h. 

i. 


1. 

m. 

C 43-39 .. 

.. 45-00 

.... 44*35 

.... 43-00 ... 

. 45-08 .... 

43-40 

.... 45-95 

H 6-33 .. 

.. 6-22 

.... 6-14 

.... 6-18 ..., 

, 6-74 .... 

6-12 

.... 6-19 

0 50-28 .. 

.. 48-78 

.... 49-51 

.... 50-82 ... 

. 48-18 .... 

50-48 

47-86 

100-00 .. 

... 100-00 

.... 100-00 

.... 100-00 ... 

. 100-00 .... 

100-00 

.... 100-00 


Woody-fibre Spiral vessels Inner tissue Seed-wool Woody fibre 



from 

Oak-wood. 

of 

Musa sapient. 

of the 
leaves of 
Agave amer. 

of 

Popul. 

from 

Fir-wood. 


n. 

0. 

p. 


r. 

virgin, 

s. 

t. 

u. 

C 

43-85 ... 

. 44*53 .. 

.. 48-43. 

.... 43-22 

.... 44-70 .... 

. 44-11 .. 

.. 51-79 

.... 44-38 

H 

5-86 ... 

. 6-03 .. 

.. 6-91 , 

6-50 

.... 6-39 .... 

. 6-52 ... 

.. 6-28 

.... 6*96 

0 

50-29 ... 

. 49-44 .. 

.. 44-66 , 

.... 50-28 

.... 48-91 .... 

. 49-37 .. 

.. 41-93 

.... 48-66 


100-00 ... 

. 100-00 .. 

.. 100-00 , 

... 100-00 

.... 100-00 .... 

. 100-00 .. 

.. 100-00 

.... 100-00 



Peiisperm 

Cellulose 

Conferva 

Agaricus 

Boletus 

Char a 


of 

from 

rivularis. 

edulis. 

igniarius. 

hispida. 


Phyteleplias. Cetraria 








island. 








at 170°. 

at 100°, 

at 180°. 

at 180®. 

at 130°. 



V. 

w. 

a>. 

y. 


aa. 

U. 

C.... 

44-14 .. 

.. 44-70 ... 

. 42-57 .. 

.. 44-57 , 

... 44-52 

... 43*40 .. 

„ 43*88 

H .... 

6-30 

.. 6-21 ... 

. 6-52 .. 

.. 5*75 , 

,... 6-67 

.... 6*11 .. 

.. 6-29 

0.... 

49-56 ... 

49-09 ... 

. 50-91 .. 

49-63 . 

... 48-81 

... 50*49 

.. 49-83 


100-00 ... 

100*00 ... 

. 100-00 .. 

.. 100-00 . 

100-00 

... 100-00 .. 

.. 100-00 


VOL, XV. 



130 


CARBO-HYDRATES 


3. Frombbrg. 


Cellulose from 
Ceiraria 


Agaricus 

albus. 


islandica. 






at 160=. 

at 150= 






u. 

1). 

c. 

d. 


C 



46-68 

.... 45*85 .... 

45*57 .... 

43-94 


H 



6-18 

.... 6*22 .... 

6*29 .... 

6-12 


0 


.... 

47*14 

.... 47*93 .... 

48-14 .... 

49-94 




100-00 

.... 100-00 .... 100-00 .... 100-00 



Cellulose 



Cellulose 

Cellulose 



from 



from 


from 



Turnips. 



White Cabbage. 


Salad. 



at 150°. 



at 140°. 

at 160 . 



e. 

/. 


g. h. 

L 

h. 

c .. 


46.26 .... 44*12 

.... 46*80 .... 43-43 

.... 48-60 

.... 44-73 

H .. 


6-29 .... 

6-08 


6-07 .... 6-26 

6’44 

.... 6-09 

0 .. 


47-45 .... 49-80 

.... 47*13 .... 50*31 

.... 44-96 

.... 49-18 


100-00 .... 100-00 

.... 100*00 .... 100-00 

.... 100-00 

.... 100-00 





4. 

V. B AUMHAUER. 




Cellulose from tlie Perisperm of Phytelephas. 







at 140=— 150°. 













a. 


b. 

e. 

d. 

e. 


c 

44.37 

.... 

43*57 

.... 43-65 .... 

45-73 .... 

43-63 


H 

6-22 


6*27 

.... 6-31 .... 

6-32 .... 

6-30 


0 

49-41 


50*16 

.... 50-04 .... 

47.95 .... 

50 07 



100*00 


100*00 

.... 100-00 .... 

100*00 .... 

100-00 




Cellulose from the Shell of Cocos micifera. 




at 120=. 


at 120= 

at 160=. 

at 130°. 

an25=. 



/. 



h. 

i. 

h. 


c 

52*99 

.... 

47*19 

.... 46-32 .... 

46*27 .... 

43-73 


H 

5*88 

.... 

6-09 

.... 6-01 .... 

5-81 .... 

6-11 


0 

41*13 


46-72 

.... 47-67 .... 

47-92 .... 

50-16 



100*00 

.... 

100.00 

.... 100-00 .... 

100-00 .... 

100-00 


Cellulose from Cocos lapidea. 
at 140^ 


1. m. n, 0 . 

C... 52-21 .... 49*82 .... 49*81 .... 44*19 

H 5*80 .... 6*01 .... 5*93 .... 6*24 

0 41-99 .... 44*17 .... 44*26 .... 49-57 


100*00 

....,,100*00 

.... 100*00 

.... 100*00 


Cellulose 

Cellulose 


Cellulose 


from 

from 


from. 


Peach-kernels. 

Walnut-shells. 


the Skin of 




Cytism Laburnum, 

at 140=. 

at 140°. 

at 140°. 


at 160°. 

p. q. 

r. 

s. 

t. 

n. 

.... 52*20 .... 52*13 . 

.... 52*22 .... 

49^11 . 

... 45-84 .. 

.. 44*75 

.... 5*83 .... 6*01 . 

... 5*91 .... 

5*97 . 

... 5-84 

.. 6*11 

.... 41*97 .... 41*86 , 

... 41*87 .... 

44-92 . 

... 4B-32 

49-14 

100*00 .... 100-00 . 

... 100*00 .... 

100*00 . 

... 100-00 

100*00 
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V. Baxjmhatjer. 5. Blondeau 

~ DE CarROLLES. 




Cellulose 



Cellulose 

Flax. 

Cotton. 


from the Skin of 

from the Skin of 





Ulmus campesfris. 

Liriodendron tulipifera. 





at 140“. 

. flifl60°. 

at 160°. 

at 140° 

, at 160°. at 160°. 

at 140°. 

at 140°. 


V. 

w. 

X. 

y- 

z. " aa. 

U. 

cc. 


c 

49-53 

46-74 

43-81 

47-76 

45-00 44-12 

45-14 

43-95 

40-59 

u 

5*98 

5-73 

60 B 

5-89 

5-80 6-11 

6-40 

6-24 

6-66 

o 

44-49 

47-53 

50-16 

46-35 

49-20 49-77 

48-46 

49-81 

52-75 


100-00 

100-00 

100-00 

100-00 

100-00 100-00 

100-00 

100-00 

100-00 


6. Mulder. 

— ' 



Agave americana. 







Elder-pith. 

Phytolacca 

Thorns of 


Spiral- 

' Cells of 

from the 

Internodes, decandra. 

Cirmmi 


fibres. 

Bass-fibres. 

Intemodes. 

Pith. 

triacantJia. 


at 130°. 



at 140°. 

at 135°. 


a. 

h. 

c. 

d. e. 


C . 

... 47-65 

.... 46.98 

.... 49-28 .. 

46-38 .... 45*84 

48-44 

H. 

... 6-04 

.... 6-13 

.... 6-01 

.. 6-01 .... 6-07 

.... 6*99 

0 . 

... 46-31 

.... 46-91 

.... 44-71 .. 

.. 47-61 .... 48-09 

. . 44-57 


100-00 

.... 100-00 

.... 100-00 . 

... 100-00 .... 100-00 

. 100-00 




7. Rochleder & 

Heldt. 

8. 

Rochleder. 


/ ' ' 


Cellulose from 

“N 



UveTnia 

Lichen 

Usnea 

RameUna 

Parmetia 

Cellulose 


pruna- 

ranyi- 

harbaf. 

calicaris. 

parieiia. 

from 


etfi. 

formis. 




Coffee-berry. 


a. 

h. 

c. 

d. 

e. 

at 130°. 

c 

.... 46-01 . 

... 46-28 

.... 46-47 

.... 45*76 .. 

.. 45-88 

47-07 

H 

.... 6-63 . 

... 6.75 

.... 6-67 

.... 6*78 ., 

6-55 

6-53 

0 

.... 47-36 . 

... 46-97 

.... 46*86 

.... 47-46 .. 

.. 47-57 

46-40 


100-00 . 

... 100-00 

.... 100-00 

.... 100-00 .. 

.. 100-00 

.. 100-00 


9. SCHAFFNER. 


Elder-pith. Pith of Burdock-root. Sunflower- 

pith. 


at 100°. 

at 150°. 

at 210°. 

at 100°. 

at 150°. 

at 210°. 

at 100°. 

a. 

h. 

c. 

d. 

e. 

f* 

f/- 

C 43-81 , 

.... 47-80 , 

.... 51*09 , 

.... 45*45 . 

... 48-10 . 

.. 51-39 

.... 44-75 

11 6-40 

.... 6-00 

.... 5*59 , 

.... 6-13 . 

... 5-95 . 

... 5-40 

.... g.(52 

G 49-79 . 

.... 46*20 , 

.... 43*32 , 

.... 48-42 . 

... 45*95 . 

... 43-21 

.... 48-63 

100-00 . 

... 100*00 , 

100-00 . 

.... 100*00 . 

... 100-00 . 

.... 100-00 

.... 300-00 


10. Chodnew. 1L Gi^a'^dstone. 12. Ransome, 





Pulp of 


Cotton. 



Pulp of Apple, at 115°. 

Turnips. 
at 115°. 

Cotton. 



a. 

5. c. 

d. 


44*20 

C.. 

.. 45-89 

.... 45-92 .... 45-94 „ 

... 45-97 

.... 44-37 .. 

H.. 

.. 6-27 

6*28 .... 6-25 „ 

6-73 

7-24 ' .. 

7*04 

0.. 

47*84 

... 47-80 .... ’ 47-81 . 

... 47-30 

.... 48*39 „ 

48*76 


100-00 

.... 100*00 .... lOO'OO . 

100*00 

.... 100*00 . 

100*00 

Ct 


K 2 
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13. Schmidt & 
Hecker. 

14. Petten- 

KOFER. 

15, Mitscherlich. 

16. Knot & 

SCHNEDBR- 

MANN. 

Cellulose from 


Cotton, 

Cotton. 

Swedish Paper. 
at 140°. 

^ 

a. 5. 

Cetrar. island, 
at 80°. 

c 

43*27 

.. 44*5 

, 44*22 . 

... 45*82 ... 

43*4 

H , 

G*30 

.. 6*1 

6*23 . 

... f)*25 ... 

6*4 

0 ..., 

50*43 

.. 49*4 

49*55 . 

... 47*93 ... 

50*2 


100*00 

.. 100*00 

. 100*00 . 

... 100*00 ... 

100*00 


17. SCHLOSSBERGER & DoPPING. 



Cellulose 

Polypoims 





from Cork. 

foynejitar. 

Baed. querc. 

Polyponis destruci. 


at 100°. 

at 100°. 

at 100°. 




a. 

h. 

c. 

" d. 

e. 

C.... 

44*91 

45*37 

45*.52 

... 43*08 ... 

43*92 

II.., 

G*05 

6*82 

6*31 

G*24 .... 

.. .. G*65 

0.... 

40*04 

47*81 

48*17 

... 50*68 .... 

49-43 


100*00 

100*00 

100*00 

.... 100*00 ... 

100-00 


18. F. Schulze. 


Cellulose from 



Swedish 

Paper. 

Cotton. 

Flax. 

Straw. 

Walnut- 

shells. 

Horn- 

beam, 

Evergreen 

oak. 


a. 

5. 

c. 

d. 

e. 

/. 

9’ 

C ... 

44*10 ... 

. 41*16 ... 

. 44*35 ... 

. 44*58 ... 

. 44*11 .... 

42*71 . 

... 44-51 

H .... 

G'38 .... 

, 6*09 ... 

. 5*97 ... 

. 5*99 ... 

. 6*03 .... 

6-05 . 

... 0*00 

0 ... 

49*52 .... 

52*75 .... 

. 49-68 ... 

. 49*43 ... 

. 49-86 .... 

51*24 . 

... 49*49 


100*00 ... 

,. 100-00 

.. 100*00 .. 

.. 100*00 .. 

.. 100*00 .... 

100*00 , 

.... 100*00 


F. Schulze. 19. Erdmann. 20. Bechamp. 21. Weber. 




Cellulose from 


From 

From a 

Alder. 

Acacia. 

Pine. 

Cellulose. 

Gun-cotton. Wasp’s-nest. 

h. 

C 43*96 

i. 

.... 48*70 .. 

It. 

.. 44*29 ... 

1. 

. 44*54 ... 

44*05 ... 

43*3 .... 


H 5*96 

.... 6*20 .. 

.. 6*09 ... 

. 6*00 


6*3 .... 

7-97 

0 50*08 

.... 45*10 .. 

- 49*62 ... 

. 49-46 ... 

49*69 ... 

50*4 .... 

39*48 


100*00 .. 

.. 100-00 .... 

. 100*00 ... 

100*00 ... 

100*00 .... 

100-00 


All tlie analyses are calculated after deducting the ash. 

2. Payen (W. Ann. Sc. nat. Bot. 11, 21 and 27; 14, 73) : natural cellulose 

in the young state ; Jc, twice, I and m, once purified after preparation hy method 1 ; n 
by means of nitric acid ; o prepared by method 1 ; p obtained by extraction with aqueous 
ammonia, hydrochloric acid, alcohol and water; § by similar treatment after previous 
evaporation to dryness with aqueous potash; r and a, hy extraction with water, aqueous 
ammonia, potash, hydrochloric acid, alcohol and ether ; u by method 1, treated with 
chlorine gas; t in like manner, but not treated with chlorine; v. by method 1, ty by 8, 
a; and y by 9 ; z and a a prepared by 10 ; h h purified by mechanical means. 

3 . Fiomberg, {J. pn. Ch&ni. 32, 198) : a, c, e, i, by once, 5 , /i, h, by twice 

treating the corresponding vegetable matter with aqueous soda, liydrodiloric acid, ether 
and alcohol in succession. ^ 

T t 7' 32, 204, and 210) : a by exhaustion with ether, 

alcohol, and water ; I further treated several times with glacial acetic acid, washed with 



CELLULOSE. 


133 


hot alcohol and water ; c — e were prepared from the substance used for analysis a : viz. c 
by prolonged treatment with boiling aqueous ammonia, and washing with boiling water, 
glacial acetic acid, water and alcohol, — d by exhaustion with hot weak soda-ley, and 
washing with boiling hydrochloric acid, warm water, alcohol and ether, — e by repeated 
treatment with potash-ley, glacial acetic acid, water, alcohol and ether. — f was 
obtained like and by subsequent treatment yielded ff — ^ : viz. ff by steeping in cold 
dilute soda -ley, h by eight days’ digestion therewith, i by twice steeping in cold con- 
centrated potash-ley, each time for several weeks ; ff, h, and i were then further exhausted 
with water, glacial acetic acid, boiling water, alcohol and ether]; k was prepared from / by 
treatment with chlorine, cold water, boiling water, alcohol and ether. Similarly I was 
obtained in the same manner and treated like z, once for the preparation of m, twice for that 
of n. I treated like ?s yielded o. — p and r were obtained by exhaustion with ether, alcohol, 
boiling water, and hydrochloric'acid, and ji? treated like i yielded the substance q. — s, v, 
y, obtained by exhaustion with ether, alcohol, boiling water and hydrochloric acid, yielded 
w, a by treatment with chlorine, cold water, boiling water, alcohol and ether, and u , 
OQ, a a, by five days’ steeping in strong potash-ley, washing with cold and hot water, treat- 
ment with chlorine and washing, h b was treated with boiling water and hydrochloric 
acid, c c then further with strong potash-ley, chlorine, water, alcohol and ether. 

5. Blondeau de Carrolles {Rev. scient. 14, 476). — 6. Mulder, a — f prepared ac- 
cording to 2. — 7. Rochleder & Heldt, a — e according to 8. — 8. Rocbleder, according 
to 7. — 9. Schaffner, according to 6. 

10. Chodnew. a prepared by washing with water, alcohol and ether; b by exhaus- 
tion with dilute sulphuric acid ; c by treatment with aqueous potash, weak hydrochloric 
acid, water, alcohol and ether. — 11. Gladstone {Mem. Chem. Soc, 3, 412). 12. Ran- 

some {Phil. Mag. J. 30, 4). — 13. Schmidt & Hecker (/. pr. Chem. 40, 257). — 
14. Pettenkofer {Allg. Zeltumj, 12 Dec. 1846). — 15. Mitscherlich, h somewhat decom- 
posed. — 16. Knop & Schnedermann (/. pr. Chem. 40, 386) prepared by 8. — 17. Schloss- 
berger & Bopping {Ann. Pharm. 52, 113), a by 11 ; c, e by exhaustion with hot 
water, weak aqueous potash, hydrochloric acid and alcohol ; d as it occurs in mature. — 

18. F, Schulze, a commercial paper washed; b — I prepared according to 5. — 

19. Erdmann. Cellulose separated by alcohol from a solution of cotton in aqueous 
cupramraonia. — 20. Becliamp {Compt. rend. 37, 134; Insi. 1853, 261). Cellulose 
prepared from gun-cotton, by means of a solution of protochloride of iron. — 21. “Weber 
{Pharm, Vierielj. 7, 538; Pharm. Centr. 1858, 864) t from a wasp’s nest (corres- 
ponding to the formula C^H^O°). 

The composition of cellul ose corresponds to the formula (Payen) ; 

(Mitscherlich, Gerhardt, Schulze); (Gay-Lussac & Thgnard); 

(Proust) ; (Rochleder & Heldt) ; (Mulder, v. Baumhauer, Knop 3: 

Schnedermann). — According to Reade {Lond. Ed. Mag. J. 11, 421) the spiral vessels 
of plants differ in composition from cellular tissue. 

Decompositions, 1. Oellulose remains unaltered at common tempe- 
ratures in dry air., bnt in moist air it rapidly passes into decay and 
putrefaction (see Wood.) — 2. By dry distillation it turns brown and then 
black, without fusion or sensible tumefaction ; emits an empyrcuinatic 
odour ; yields a limpid, ultimately brown distillate, consisting' of water, 
wood-spirit, empyreumatic oil and vinegar, at the same time giving off 
combustible gases ; and leaves a carbonaceous residue which burns 
easily and completely in contact with the air. — The pith of the elder 
tree, of sunflower stalks, and of burdock roots turns brown at 210'', 
and becomes somewhat tough (Schaffner) ; cellulose after being 
browned by heat is less hydroscopic than before (Paunford) ; even cel- 
lulose prepared from coffee-beans smells when heated like that 
separated from wood and not like burnt coffee. (Rochleder.) — ■ 
Linen fibre carefully heated in a glass tube till it turns yellow, be- 
comes thinner and more shining than cotton, which, when similarly 
treated, becomes more distorted and woolly (this character may serve 
for the detection of cotton in linen). (Bottger, J. pr. Chem. 30, 257 ; 
Ann. Pharm. 47, 329.) 

3. Cellulose when set on fire burns with flame and without leaving 
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any residue. — Cotton saturated with aqueous chlorate of potash burns 
away hke g’unpowder. (Dumas, Compt. rend. 23, 984.) Cellulose 
mixed with potassium or sodium bums with a bright light and leaves 
charcoal (Gay-Lussac k Thenard.) — Paper soaked in a solution of 
1 pt. pearl-ash in 4 pts. water, or hnen or cotton cloth soaked in a 
solution of 1 pt. pearl-ash in 2 pts, water, and then dried, chars when 
held in a flame, but does not take fire. (Kirclihoff, Schcr. Nord. Bl. 1. 
122.) — Cloths repeatedly steeped in alum-solution and then 
moistened with ammonia, or steeped in chloride of calcium solution, 
and then treated with carbonate of potash, are difficult to set on fire ; 
and cloths steeped in subacetate of lead, and afterwards moistened 
with sal-ammoniac, ammonia, or alum, will not take fire at all, but 
when held in a flame, merely ghmmer away like tinder. (Morin, J. 
Plmrm.. 27, 296 j J. pr. CJiem. 24, 281.) — The combustibility of tissues 
is diminished, or they are made to burn without flame, by steeping 
them in aqueous solutions of hydrochloratc, sulphate, phosphate or 
borate of ammonia, or in mixtures of equal parts of hydrochlorate and phos- 
phate of ammonia, or in borax, orin mixtimes of equal parts of borax and 
sal-ammoniac. ((lay-Lussac, Ann. Cliim. Phys. 18, 211 ; Schw. 34, 245.) 
— Tissues are rendered incombustible by steeping them in a solution 
of sulphate of zinc, and then drawing them through aqueous ammonia, 
so that oxide of zinc is precipitated upon them (Morin), or by steeping 
in aqueous sulphate of soda (Smith, N. PUL Mag. 34, 116 ; Dingl, 111, 
382), or in aqueous sulphate of ammonia, or in aqueous tungstate of 
soda of- 28“ Tw. mixed with 3 p. c. phosphate of soda. Tungstate of 
soda is the only salt that can be used for fabrics which have to be 
washed and ironed, because the sahne film which it leaves on the stuff 
when diy is smooth and glossy, and allows a hot iron to pass 
smoothly over its surface, a condition not fulfilled by any of the other 
salts above-mentioned. The addition of phosphate of soda is to pre- 
vent the formation of an insoluble bitungstate. (Versmann k Oppen- 
heim, Communication read he/ore the British Association^ 15 Sept, 1859 ; 
Pharm. J. Trans. [2], 1, 385; Chemical News^ 1860, 20.*) 

4. Cellulose distilled with peroxide of manganese and sulgyliuric acid 
yields formic acid and a peculiar substance, which may for the 
most part be removed by distillation after the acid has been neutral- 
ised. (Gmelin, Pogg. 16, 55.) 

5. Cellulose is decomposed, with evolution of carbonic acid by 
cJdorme in presence of water and under the influence of heat; a 
similar reaction is produced by hypochlorites. Compare Bastick's statement 
with respect to starch (p. 84). — (Jotton, raw flax, or hemp treated fora 
long' tiuic with aqueous chlorine or chloride of lime becomes pulveru- 
lent, and, if heated to redness after being washed and dried, gives off 
d mixture of carbonic oxide and one or more gaseous hydrocarbons 

(Morin, Ann. Chim. Phys. 49, 311 ; Bull, nnivers, 50, 337 ; Sclav. 
66, 3C2.) — Cellulose bleached with chlorine still retains a certain 
quantity of that element, even after careful wasliing with water and 
aqueous alkali. (Leykauf, pr. Chem. 21, 316.) — On the bleaching of 
paper-pulp with chloride of .lime, see Darnis {JDingL 137, 376); De Koninck (DinuL 
144, 35b) — By steeping in satm*ated chlorine-water^ and moistening 
after a minute with excess of ammonia, the fibre of Phormnim tenax^ 
becomes bright red ; Italian hemp, orange -yellow, darker after a 
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minute ; French hemp, after rotting in tanks, darker, hnt not so 
strongly colomed as the fibre of Phormium tenax, French linen is 
less deeply coloured than hemp; cotton but very slightly. (Graudi' 
chand ; Payen ; Boussingault, Compt, rend. 29, 492.) 

6. By dry iodine^ moist cellulose is decomposed at 150°, with evolu- 
tion of carbonic acid, in the same manner as by chlorine. — Cellulose 
is not coloured by an aqueous solution of iodine (Payen, Schleiden) ; 
but it is blued if subsequently treated with oil of vitriol (Payen, 
Schleiden, Schacht), or if previously boiled with potash (Schleiden, 
Mitscherlich) ; also if subjected to the action of a solution of chloride 
of zinc and iodine (P. Schulze, Schacht, Eadlkofer) : see Decompositions by 
oil of vitriol, potash and chloride of 2inc. 

The cellular tissue of the following plants is directly blued by 
aqueous iodine : Cetraria islandtca (Meyer) ; the embryo cells of 
Scholia latifolia^ Sch. speciosa, Hymenm Coiirhanl^ Miiciina urens^ and 
Tamarindus indka, because they consist, not of cellulose but of vegetable 
amyloid (p. 76) (Schleiden). Trecul {Comin, rend. 47, 687) rejects 
this term, and regards the kind of cellular membrane which is 
directly blued by iodine as in a state of transition between amorphous 
starch and true cellulose. He observed the direct blueing by iodine 
in the cellular tissue of several phanerogamous plants, in the epidermis 
cells and the lower cuticular tissue of Ornithogalum pyrendioim, 0. 
narbonense, 0. longihracteatum, Scilla aiitumnaliSi but not constantly ; 
very faintly also in the embryo-cells of Tamarindus indica and Mucwia 
urens; of various degrees of intensity, but al-ways distinct, in the 
albumen-cells of Iris p^^^^do-acorus^ I. sibirica, &c., Tulipa sylvestris, 
Ornithogalum pyrendicum, 0. longihracteatum^ 0. narhonense, &c., Moroh 
iridididis^ Agr aphis canpanulata, &c., Hyacinthus orientalise Uropetalmn 
scrotmimie Gladiolus psittacus, Muscari racemosmiie Oypella p)liimbeae 
Scilla amoenae &c., Bellevalia romanae Polygonatum latifoliume &c., As- 
gmragus amaruse Lihertia paniculatae hz . ; on the other hand, the 
embryo-cells of Hymenma Courharil were not blued, and those of J/m- 
useps Kummel only after boiling for a short time with water. 

7. By immersion in strong nitric acid^ or in a mixture of nitric acid 
and oil of vitriole or of nitre and oil of 'vitriol, cellulose is converted, 
without dissolving or undergoing any alteration of form, into a mix- 
ture of several explosive nitrogenous compounds, called gun-cotton 
or pyroxylin. — More dilute nitric acid corrodes cellulose, producing 
substances allied to or identical with starch, gmn, pecticacid, and malic 
acid, and dissolves it after prolonged boiling, in an entirely decomposed 
state, producing apparently oxalic and suberic acids. 

Oa the formation of gun-cotton (see page 168.) 

Cotton, linen, or paper immersed for two or three minutes in nitric 
acid of sp. gr. 1*5 acquires the texture of parchment and is rendered 
impervious to light and water, because it becomes covered with a film 
of xyloidiii (p. 106). 

Paper immersed in cold strong nitric acid swells up to a jelly, "’which 
gives a blue colour with iodine on isolated spots, and therefore contains 
starch ; if the paper is suflSciently decomposed, it leaves, after washing 
wdth water — which appears to dissolve malic acid — a translucent 
brownish, compact, horny mass, which, when heated, softens, swells 
up, and leaves a shining charcoal. (Gmelin), 

Flax and paper become gelatinous by four days’ immersion in 
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fuming nitric acid, nitrous gas being at the same time evolved ; after 
washing with water and aqueous ammonia, the flax is yellow, the 
paper colourless, and both have the composition and structure of 
woody fibre, -whence it appears that the acid has merely removed 
foreign matters, wnthout converting the woody fibre into xyloidin. 
(Mulder, J. pr. Clum, 39, 150). 

By immersion for a few seconds in nitric acid of ordinary strength, 
hemp appears pale yellow, flax remains imaltcred, New Zealand hemp 
{Pliormium tenax) immediately becomes blood-red ; the latter coloration 
is produced, even after bleaching or after the fibre has been treated with 
aqueous potash. This reaction may therefore serve for the detection 
of Ne-w Zealand hemp-fibre in fabrics. (Vincent, CompL rend. 24, 542). 
— The fibres of the following plants are coloured pale-red: — Cocos nuce- 
fira and G. aurara ; several species of Cordyline, Pandanns and Agave ; 
Maurilia jlexiiosa; several species of Cissus ; PJiillandriun aquaticum, 
PapJianus sativiis ; Z. from Manilla ; two species of Proems. (Gaudi- 

chaud; Paycn; Boussingault, Compt.rend.24:, 542). — The colouring is due 
to the iiicrusting substances. (Vincent.) Cotton is scarcely or not at all 
coloured by nitric acid, whereas animal fibres are coloured perma- 
nently yellow. This reaction may serve for the detection of cotton 
in woollen textures. (Bottger, J. pr. Chem. 30, 257 ; Ami. Pharm. 47, 
329.) 

Swedish paper is not at all decomposed by immersion in cold nitric 
acid of sp. gr. 1*2, and but slightly in the acid heated to 100® 
(Mitsclierhch). — Deal-shavings boiled with 10 pts. commercial nitric 
acid and 2 pts. water as long as red vapours are evolved, are 
converted, with simultaneous formation of oxalic acid, into a white 
pasty mass which, according to Saco (IV. Afin. Chm. Phjs. 25, 218) is 
poetic acid, according to Porter {Ann. Pharm. 71, 115), a peculiar acid 
different from pectic acid, (see Pectic acid). 

8. By oil of vitriol woody fibre (cotton) is first rendered porous, 
then dissolved, and the solution yields with water a gelatinous pre- 
cipitate insoluble in water and destitute of optical rotatoiy power. 
By prolonged immersion in the solution, tins substance is converted 
into a second gelatinous mass, also non-rotatory, but soluble in 'water 
(soluble woody fibre) ; subsequently wood-dextrin is formed, a sub- 
stance having much less rotatory power than dextrin from starch, and 
converted into sugar by boiling with dilute sulphuric acid. (Beebamp, 
rend. 42, 1213; N. Ann. Chim. Phgs. 48, 461; Ann. Pharm. 100, 
367 ; J. pr. Chem. 69, 449). — ^IVoody fibre heated with moderately 
concentrated sulphuric acid is first converted into gum, and at the same 
time into suipbolignic acid (Braconnot); first into dextrin (Payen, 
JV. Ann. Sc. nat. Pot, 10, 85), first into starch (Schleiden, Mitscherlich), 
then into gum (Schleiden), into dextrin (Mitscherlich), and finally — 
by digestion of the solution diluted 'with water—- into sugar. (Bracon- 
iiot.) The first product is a peculiar substance, Wackenroder's arti- 
ficial starch (A7. p 7 \ Arch. 47, 170), then amyloid, and then dextrin. 
(Schacht, 77". Arch. 47, 157). — Amorphous cotton-fibre separated 
by solution of common salt from its solution in aqueous cupram- 
monia, is converted into sugar by boiling sulphuiio acid, half an 
hour sooner than cotton in its original organised state. (Schlossberger, 
Am. Pharm. 110, 247.) — Cellulose, prepared from coffee-beans, is con- 
verted by 36 hours^ boiling with moderately strong sulphuric acid, only 
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into a mass which dissolves partially, with dark colour, in water. 
(Eocliledcr.) When linen or paper is heated with water containing 
sulphuric acid, in a Papin’s digester, to a temperatui-e short of 200°, 
only a small portion of it becomes soluble, and is converted into sng’ar. 
((xinelin.) — On the preparation of sugar and alcohol from sawdust, with sulphuric 
acid, see Arnould {Compt. rend. 39, 807 ; Inst. 1854, 36G). 

In consequence of these alterations, cellulose which has been 
treated with sulphuric acid, assumes with iodine, a violet, a blue, and 
ultimately a wine-red colour. Very young cellular tissue is not 
coloured blue by iodine after treatment with oil of vitriol, because it 
does not yet consist of true cellulose or woody fibre ; older cellular 
tissue is blued immediately under the same circumstances, and whereas 
young cellular tissue treated with iodine and strong sulphuric acid, 
often tmiis brown immediately, without blueing, older tissue requires 
to be treated with concentrated sulphuric acid before it will give a 
blue colour with iodine ; very old tissue requires even to be treated 
with aqueous potash, before it will give the reaction with iodine and 
sulphuric acid. (Trecul, Compt rend. 47, 688.) — Cellular tissue is turned 
blue by iodine, if it has been previously subjected for half a minute to 
the action of a mixture of 1 pt. water and 3 pts. oil of wtriol 
(Scbleidcn ; Liebig ; Schacht, N. Br. Arch. 14, 25) ; if it be saturated 
with a moderately strong solution of aqueous biniodide of potassium, 
and bihydrated sulphuric acid then dropped upon it. (Schleiden). 
Cotton is coloured green by tincture of iodine, if it has been previously 
macerated with a mixture of 1 pt. oil of vitriol and 2 pts. water ; dark 
blue, if previously treated with a mixture of 2 pts. oil of vitriol and 
1 pt. water. (Eeinsch). Amorphous cellulose separated from aqueous 
cuprammonia, by means of common salt, acquhes a fine 'triolet or 
wine-red colour without previous treatment with suli^huiic acid, and 
if moistened with a drop of oil of \dtriol, and then treated with iodine, 
it exhibits a splendid blue colour (Schlossberger, Ann. Pharm, 110, 247). 

The acid solution separated by filtration from cellulose altered by 
sulphuric acid, turns iodine blue, and contains a body which is thrown 
down by water in white flocks, and by alcoholic iodine as a dark blue 
precipitate (soluble cellulose ? Scliw,). (Liebig, Eeinsch.) — After cotton 
has been treated for an hour with oil of vitriol, the acid is no longer 
precipitated by water. (Mulder, Chem. 39. 152.) 

Cellulose treated with oil of vitriol is not coloured blue by alcohoHc 
iodine, if it has been previously immersed in water (the iodine in tbis case 
being merely separated.) (Liebig.) The blued celhilose loses its colour 
when heated with water, and does not recover it on cooling or after 
gradual addition of iodine (Liebig) ; it loses its colour in a large 
quantity of water (Mulder), especially if triturated with a considerable 
quantity of water, and then appears rotten ; treated with water and 
alcoholic iodine, it turns brown, from precipitation of iodine; after 
being treated 'with oil of vitriol mixed with pt. water, it is not 
blued again by alcoholic iodine, but is decolorised by a lai*ge quantity 
of water, provided however the action of the oil of vitriol has not gone 
beyond a certain limit (Eeinsch), — that is to say, provided unaltered 
cellulose is still present. (Gm.) 

The blueing of cellulose which has been treated with sulphuric 
acid, by iodine, is due to the formation of starch (Schleiden, Schacht, 
Eeinsch, Mitscherlich) ; it is no proof of the formation of starch, but 
results from the formation of a body soluble in the acid but precipitated 
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by water, and on which the iodine is mechanically deiDOsited as on 
starch. (Liebig, Ann, Pharm, 42, 308.) 

On the behaviour of cellulose (cotton) when treated with oil of vitriol and iodine 
under the microscope, see Schacht (N. Br. Arch, 47, 157) ; Payen {Compt rend. 23, 
999) ; Mitscherlich. 

Cellulose, before dissolving in oil of vitriol, swells up and becomes 
translucent, — This property may be applied to the detection of linen 
and cotton threads in woollen stuffs : when such stuffs are immersed 
for a quarter of an hour in oil of vitriol, the linen and cotton fibres 
swell up to a pasty mass, while the woollen threads remain unaltered. 
(Bottger, J, pr, Chem, 73, 498.) — Fmthcr, as cotton dissolves in oil of 
vitriol more quickly than linen, the admixture of cotton with linen 
may be recognised as follows. The cloth, after repeated washing with 
rain-water, boiling Avith water, and drying, is immersed for ^ to 2 
minutes in oil of Autriol, then cautiously squeezed under water with 
the fingers, washed with water, dipped for a few seconds in solution of 
carbonate of ammonia, potash or soda, and dried, after washing with 
Avator, and drying between bibulous paper. By this treatment the 
cotton fibres are dissolved, while the linen fibres are merely rendered 
thinner and more translucent, according to the duration of the expeii- 
meiit ; the cotton-fibres also become transparent after a short immersion, 
while the linen fibres are stiff wMte and opaque. (Efindt, Ann. Pharm, 
61, 253.) 

When paper is immersed for half a minute in oil of vitriol of 66® 
and immediately washed, first vdth pure, then Avfith slightly ammonia- 
cal water, a substance very much like parchment is obtained : the 
Papijrim of Poiimarede & Figuier {Mem, sur le Ligneux et sur quelques 
gyrodidts qui lui sont isomer 1847), — the Yegetalk parchnent of 
Hofmann and Warren De La Hue {Ann. Pharm, 112, 243 ; /.pr. Chem. 
78, 488). — This substance is prepared, according to G-aine {Ann. Pharm. 
112, 224) by dipping unsized paper in a mixture of 1 vol. water and 1 
vol. oil of Autriol ; according to Hofmann, in a mixture** of A to vol. Avater 
and 1 vol. oil of Autriol, and washing with ammonaical water. If the 
sulphuric acid is only shghtly weaker the transformation is A^ery im- 
perfect ; and if the paper he left too long in strong sulphuric acid, or 
at a temperature aboA^e 15®, carbonisation or solution takes place. 
(Hofmann ; compare Eeinsch Bingl. 156, 156 ; Chem. Centr. 1860, 
491 ; Dullo, Bingl. 158, 392 ; Chem. Centr. 1860, 25.) 

Such parchments may be foimed not only from papers containing' 
flax-fibres, but likeAvise from those which contain cotton-fibres — from 
the latter, indeed, more quickly. (Dullo.) They are horny on the sur- 
face only ; have the composition of pure cellulose ; five times the co- 
hesion of the paper from which they are produced, and threc-fouidhs 
as much as animal parchment ; offer considerable resistance to chemi- 
cal reagents ; and when immersed in water, even at the boiling heat, 
merely soften and SAvell up, but recover their original state when chw. 
(Hofmann.) 

Swedish paper, immersed for 4 weeks in oil of vitriol, became black 
and hygroscopic, and contained, after deducting ash, 68*04 p. c. 0., 
3*37 H., and 27*99 0. ; suipholignic acid was found in the solution ; 
after 12 weeks, it Avas converted into carbonaceous matter of similar 
composition. (Marchand, J. pr. Chem. 35, 199.) 

Beliulose distilled with oil of Adtriol (also with phosphoric acid or 
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chloride of tin) yields before carboiiisation, a volatile oil, then formic 
acid (sulphurous acid ? Gm.) The volatile oil smells of cinnamon and 
prussic acii (Emmet, Sill. Am. J. 32, 140 ; J. Gliem. 12, 120.) 
By the use of sawdust or chaff, Steuhouse obtained furfm'ol. {Fhil, 
Mag. J. 18, 122 ; Ann Fharm. 35, 301.) 

0. Cellulose is converted by strong- hydrochloric acid^ in the same 
manner as by oil of vitriol, into soluble cellulose and wood-dextrin. 
(Bechamp.) The solution of cotton in fuming hydrochloric acid, which 
is precipitable by water, does not possess any optical rotatory power. 
(Bechamp, Compt. rend. 51, 255.) 

10. Heated with lemoic acid to 200° for 50 or 60 hours, or in 
contact with benzoic acid and oil of vitriol at ordinary temperatures, 
cotton forms a compound similar to, or identical with benzo-giucose. 
(Berthelot, N. Ann. Chim. Phjs. 60, 111.) — Cotton heated with 
butyric acid and oil of vitriol to 100° for 50 or 60 hours, yields traces 
of butyro-glucose (Berthelot) ; and when heated with stearic acid to 
200° for 50 or 60 hours, it yields stearo-glucose. (Berthelot.) 

11. Gaseous fluoride of boron blackens cellulose almost instantly. 
(Berthelot, Compt. rend. 47, 227.) 

12. Cellulose heated to 150° for several days with concentrated 
aqueous ammonia^ is converted into a solid, brown, gummy mass, 
which has a bitter taste, smells when heated like roast meat, and 
deliquesces on exposure to the air. Its solution may be decolorised by 
animal charcoal, and is precipitated by infusion of galls. This mass 
fused with sticks of potash gives off a quantity of ammonia correspond- 
ing to 2*5 — 3 p. c. nitrogen, but it does not give off ammonia when 
boiled with potash-ley or milk of lime. (Schittzenberger, Zeit&chr. Ch. 
Fharm, 4, 65. — Comp. P. Thenard, Comj)^ rend. 52, 444 ; abstr. Fep. 
Chm.pure, 3, 207.) 

13. When celMose is heated with 3 pts. of melting potash and a 
small quantity of water for a long time, and at last nearly to redness, 
it gives off .hydrogen with intumescence and without separation of 
charcoal, and forms oxalate of potash. (Gay-Lussac, A7in. Chim. Fhys. 
41, 398; Fogg. 17, 171; Scliw. 58, 87.) — Caustic potash at high 
temperatures forms from cellulose, first formic acid, then iilmic acid. 
(Peligot, Co7npt. rend. 9. 135.) — Aqueous j^otash of sp. gr. 1-5 boiled with 
cellulose dissolves it with brown colour; the ulmic acid contained in 
the solntion disappears on heating the licpiid to 200° — 225° for four 
or five hours, oxalic, acetic, formic, and carbonic acids being foraied at 
the same, time. 100 pts. of sawdust and 300 pts. hydrate of potash 
yield 7 0 pts. of oxalic acid, which decomposes partially when the solu- 
tion is strong'ly heated. (Possoz, Compt. rend. 47, 907 ; J. pr. Chem. 
76, 314.) When paper is fused with 4 pts. hydrate of potash, the pale 
yellow mass which forms with strong intumescence, contains oxalic 
acid, yielding a quantity of oxalate of lead equal to 46*4 p. c. of the 
weight of the paper. (Buchner & Herberger, Fepert. 38, 189.) 

Cellulose moistened wdth water, and heated in a retort with an 
equal weight of hychrate of potash, yields hydrogen and a large 
quantity of wood-spirit. (Peligot, Ann. Chim. Fhys. 72, 208.) — Wood- 
shavings and linen heated in like manner with aqueous potash till the 
liquid is evaporated down, give off a small quantity of water and 
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cnipyrcumatic oil ; while the residue contains acetate of potash and 
a humoidal siihstancc prccipitable by acids. (Braconnot.) The same 
mixture more strongly heated gives off carbnretted hydrogen gas, and 
the residue in contact with water and oxygen forms humoid substance. 
(Ohevreul, Mem, du Mas. 1825, 379 ; Sprcngcl, Kastn. Arch. 81, 170.) 

Cellulose is not altered by boiling with weak potash-ley (Rayen) ; 
by strong potash-ley it is converted into starch (Schlciden) ; dissolved 
noth previous intumescence and converted into sugar. (Barreswil & 
Eilliet, N. I. Pharm. 21, 205.) Hence cellulose boiled with agueous 
potash or with hydrate of potash acquires a colour vaiying from 
wolet to blue (Mitscherlich) ; similarly, vegetable cellular tissue mixed 
with aqueous potash and evaporated down to a saline crust, loses its 
colour ag'ain when boiled with water, becomes blue with iodine only 
when again treated with potash, and is finally converted by treat- 
ment with potash into nlmin. (Schleiden, Plimmi. 42, 301.) — 
The property of linen-fibre to acquire a deep yellow colour by boiling 
with a mixture of equal quantities of water and potash-hydrate, 
whereas cotton is little or not at all coloured by it, is applied by 
Bottger (/; p\ Chem. 30, 257 ; Ann. Phcirm. 47, 329) to the detection 
of cotton in linen. 

14. A concentrated aqueous solution of chloride of zinc, heated with 
cellulose, dissolves it with tumefaction, but without colour,’ and con- 
verts into a modification of cellulose, afterwards into sugar. (Barres- 
wil & Eilliet, N. J. Pharm. 21, 205 ; J. pr. CJiem. 56, 58.) 

As soon as cellulose comes in contact with aqueous cliloride of zinc, 
it is coloured dark blue by iodine (BaiTeswil & Eilliet) ; hence it is 
immediately blued by an aqueous solution of iodated chloride of zinc (F. 
Schulze), although no gradual solution or change of fom takes place. 
(Eadlkofer, Ami. Pharm.. 94, 332.) — To prepare the solution of iodated 
chloride of zinc, a solution of zinc in hydi’ochloric acid is evaporated to 
a syrup with excess of zinc ; iodide of potassium is dissolved in it to 
saturation ; iodine is then added, and the liquid is diluted, if necessary, 
with water (Schacht, Das Mikroslvp^ &c., Berlin, 1851, 31) ; or better, 
the neutral sjuup is diluted with distilled water to sp. gr. I'S at 15°, 
and 6 p. c. iodide of potassium is dissolved in it, together with as much 
iodine as it will take up. (Eadlliofer.) 

Paper dipped into a strong solution of chloride of zinc, is converted, 
in the same manner as by sulplimdc acid, into vegetable parchment. 
(Dallo, Dingl. 158, 392 ; Cheni. Gentr. 1861, 25.) 

15. When an aqueous solution of hichlondeof tin is left to diy upon 
cotton or linen, and then heated to 120° — 130°, the substance is 
blackened in consequence of the formation of caramelin. (Maumene, 
Compt. rend. 30, 314 ; 39, 422.) 

16. Cellulose is not fermentable. When slices of fresh potatoes are 
immersed in water at low temperatures, together with slices of 
putrifjung potatoes, the cells of the fresh potatoes separate from one 
another, and the filtered water contains a ferment which decomposes 
slices of fresh potatoes in the same manner ; the disintegrated cellular 
tissue finally dissolves, whereas the starch- granules remain unaltered. 
The ferment thus produced acts only upon cellulose ; Just as in the 
potato-disease, only the cellulose is attacked. 
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Conlinations. Cellulose is insoluble in water. 

With Bases. — Woody fibre (linen) absorbs from 70 — 100 Yolumes 
of ammonia gas. (Walter Crum) Ann. Fharm. 55, 221.) 

Cellulose xuith Potash. When calico is immersed for 10 to 30 minutes 
in syrupy potash-ley, and then washed with alcohol of sp. gr, 0*825, it 
shrinks on drying to contains 14*72 p. c. potash, corresponding 

to the formula (calc. 14*59 p. c.) Gladstone. {Ghem. Soc, 

Qu. J., 5, 17.) 

Cellulose loitli Soda. — When calico is immersed for 10 — 30 minutes 
in soda-ley of sp. gr. 1*342, and then washed with hot alcohol of 
sp. gr. 0*825 it shrinks by one-fourth on drying, and contains, on the 
average 9*68 p. c. soda, corresponding to the formula NaO 

(calc. 9*65 p. c.). Common unwoven cotton forms a similar compound ; 
prolong'ed immersion or the use of stronger soda-solution appears to pro- 
duce partial solution and decomposition. Cotton hkewise unites with 
soda in other proportions, but never with a greater quantity than that 
contained in the compound above-mentioned. Water extracts all the 
soda from the compound, leaving a more contracted fibre, which, when 
dried, has a more brilliant aspect than ordinary woody fibre. (Glad- 
stone, Chem. Soc. Qu. J. 5, 17 ; /. pr. CJiem. 56, 247.) f . Cotton 
passed through a solution of caustic alkali of 35° — 39° Bm., then 
washed in water, in dilute sulphuric acid, and again in water, contracts 
both in length and breadth, acquhns increased tenacity, and takes 
colours much better than ordinary cotton. The amount of alteration 
varies according to the strength of the solution. The same effect is 
produced by sulphuric acid of 48° Bm. at 37*5°, and by chloride of zinc 
solution of 64° Bm. at 65° — 71^°. (Mercer, Pep. Pater{L Invent. 1851, 
358 ; Bliigl. 121, 438 ; Lieb. Kopp. Jahresber. 1851, 747.) 

Cotton does not separate alumina from solution of alum or acetate of 
alumina^ Walter Crum, Phil. Mag. 35, 334 ,* J. Chem. 50, 123 ; Erd- 
mann & Mittenzwey) ; but if the solution of acetate of alumina, ferric 
acetate, or other salt containing' a volatile acid is left ' to dry upon 
cotton, the salt is decomposed after a short time, the acid volatilises, 
and the base is precipitated on the cotton in so close a state of union, 
that it cannot be removed by washing with water. This combination 
is merely mechanical, and is limited to the imier siuface of the cotton- 
fibres forming a tube. (Walter Crum, Ann. Pkarm. 55, 223). — The 
structure of cotton has no inflnence on its relation to the solutions of 
metallic salts ; organised cotton digested for 24 hours with cold-satu- 
rated aqueous solution of alum at 40° — 50°, took up no siilphmic 
acid, and only traces of alumina ; amorphous cellulose separated from 
an aqueous solution of cuprammonia did not take up any thing from a 
10 per cent, solution of alum. (Erdmann & Mittenzwey.) 

The dyeing of cotton depends upon its mechanical surface-attraction 
for certain colouring matters. (Walter Crum, "Erdmann & Mittenzwey), 
consequently organised as well as amorphous cotton may be dyed 
(Bolley, Ann. Pkann. 106, 235 ; Llngl. 148, 142 ; J. pr. Chem. 74, 
381) ; but it does not take up solutions of metallic salts or mordants 
(Vcrdeil, Compt. mid. 47, 961; J. pr. Chem. 77, 58). — To dye cotton, 
flax, and hemp, in such a manner that they may not lose their colonr 
by washing or rubbing, the colouring matter which has penetrated 
the fibre must be rendered insoluble, since these fibres, unlike those of 
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wool or silk, do not possess any actual attraction for colouring matter 
mixed witli mordants. (Verdeil.) — Eunge regarded dyed cotton as a 
ckemical compound of the mordant-base, colouring matter, ^ and 
woody fibre ; but since dyed cotton dissolves for the most part in an 
ammoniacal copper-solution, just like woody-fibre, leaving the mor- 
dant-base and the colouring matter undissolved, this view can scarcely 
be correct. (Bolley, Ann. Pharm. 106, 235; Chem. 94, 381). 

Cotton digested even for a long time ^vith hydrated ferric oxide does 
not take up any of the oxide. (Verdcil.) 

With Copper. — Cellulose dissolves in aqueous lasic Iiyj^osidphate or haste 
sidphate o/ (Schweizer, pr. Chem. 72, 109; Chem. Centr. 
1858, 49); most easily in aqueous tec (Scli- 

weizer, J.pr. Chem. 76, 344), in aqueous oxide of cuprammoniim (Peligot, 
Compt. rend. 47, 1034). — Erdmann (/. Chem. 76, 385) maintains — in opposition 
to the opinion of Schweizer, Cramer, and others — ^that this liquid is not a time homo- 
geneous solution, hut a liquid similar to gelatinous starch, merely containing the cellu- 
lose in a swollen state. 

To prepare the copper-solution (called Cuoxam by Cramer), basic 
hyposulphate of copper (40uO,S®0®) or basic sulphate of copper, is 
dissolved in aqueous ammonia ; or the precipitate formed by carbonate 
of soda in a solution of sulphate of copper, is dissolved, after washing 
and moderate diying, in aqueous ammonia of sp. gr. 0-945 (Schweizer); 
or recently precipitated hydrated cuj)ric oxide is dissolved in strong 
aqueous ammonia (Sclilossberger) ; or aqueous ammonia, mixed with 
a few drops of sal-ammoniac (Schweizer), is made to trickle through 
copper tiunings (Peligot) ; thi*ough cementation-copper^ that is to say, 
metallic copper obtained by precipitation. (Peligot.) — The solvent 
power of the copper-solution for cellulose increases with the amount 
of copper contained in it, and is diminished or completely annihilated 
by acids, salts, or sugar. (Schlossberger.) 

Cotton immersed in aqueous biphosphate of cuprammoniimi becomes 
first gelatinous, then slippery, and forms an almost transparent gummy 
liquid, which may be filtered after additiou of water. The cotton -fibre 
before dissolving in the ammoniacal copper-solution, becomes darker in 
colour than the liquid itself. The degi-ee in which it swells up depends 
upon the concentration and mass of the acting- solution ; in excess of 
the concentrated copper-solution, it dissolves instantly without previous 
tumefaction (Cramer.) The act of solution is not attended with evo- 
lution of heat. (Schweizer.) 

Paper (Schweizer), hemp, and flax-fibre arc acted upon by the 
ammoniacal copper-solution in the same manner as cotton, exco])ting 
that flax-fibre is not uniformly attacked, and consequently swells up in 
knots here and there, and shortens at the same time, before dissolv- 
ing. Many imi-cellular algm, many fungi, a few lichens, the bass- 
fibres of Cinchona rubra, the pith-cells of Roya carnosa, pappus-hairs, the 
ciavate masses of cellulose in the epidermal cells of Ficm elastica, 
and cork (also the spongy cellular tissue of mushrooms : Fremy) are 
not at all altered by the ammoniacal copper-solution ; the wood-cells 
of Taxus laccata and Querciis are but slightly coloured by it ; the wood- 
cells of Finns, and the cells of Fuciis vesicidosus, Caiderpa prolifera, &c., 
more distinctly ; in most cases, however, wood-cells swell lip in tire 
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solution, and then dissolyo more or less quickly. (Cramer.) — From 
some plant-cells aqueous cuprammonia dissolves the pure cellulose of 
the outer membrane, leaving an inner membrane, which turns green, 
and when treated with acids yields pectic acid ; other cells are not at 
all altered by the copper-solution. Thus the bass-fibres of all plants 
and the utricular tissue of fruits dissolve immediately, ivhereas the 
pith of trees and the fibrous tissue of wood remain iindissolved. 
(Fremy, Comjot. rend 48, 202 and 275.) — In cases in which the action 
of the aqueous cuprammonia on woody fibre takes place slowly or not 
at all, it is generally the presence of foreign matters in the wood-cells 
that prevents the solution from coming in contact with the woody 
fibre ; hence, in many cases, the action of the copper-solution may be 
brought about by finer comminution of the woody fibre, or by boihng 
it with nitric acid and chlorate of potash. (Cramer.) The insolubility 
of woody fibre in aqueous cuprammonia may also be caused — inde- 
pendently of the presence of foreign bodies mixed or combined — 
by its state of aggregation, or because the contact of the solution 
wdth the cellular tissue is prevented by the presence of air between 
the fibres. The pith of plants, which is insoluble in aqueous cupram- 
monia, dissolves when cut up. By trituration in cold water, 45 p. c. 
is rendered soluble, or 75 p. c. if the insoluble pith has been dried in 
vacuo at IIT" before trituration. Hackled flax, and even that 
which has been steeped in warm water, withstands the action of the 
cop] 3 er- solution for more than six hours, wdioreas the fibre of Swedish 
paper dissolves in it immediately ; hence no conclusions as to the 
existence of isomeric modifications of cellulose can be drawn from its 
more or less easy solubility in aqueous cuprammonia. (Payen, Comjit 
rend. 48, 772.) Those kinds of cellulose which are insoluble in aqueous 
cuprammonia (excepting the spongy tissue of mushrooms) are 
rendered soluble by boiling with dilute acids or aqueous alkalis. 
(Fremy, Com.pt. rend. 48, 275.) — The solubility of cotton in aqueous 
cuprammonia is not diminished by dyeing or mordanting ; it stfil dis- 
solves, leaving the coloming matter and the mordant. (Bolley, J. im. 
Chem. 74, 381; Ann. Pliarm. 106, 235.) 

Aqueous cuprammonia dissolves a quantity of cellulose equal 
in weight to the copper which it contains. (Peligot.) Its solvent 
power is limited ; for when pom*ed upon excess of cotton, it loses in a 
few minutes its capacity of dissohiug’ fresh quantities of cotton, not 
even causing them to swell up. (Oramer.) 

The solution of cellulose in cuprammonia is precipitated by a large 
quantity of water, even without loss of ammonia by evaporation, and 
the more abundantly the longer it stands (Cramer, Schlossberger, 
Payen, Erdmann) ,* by acids in excess (Schweizer, Cramer, Payen), or 
even by a quantity of acid not sufficient to saturate the ammonia 
(Payen) ; by salts, even by sulphate of copper ; also by sugar, honey, 
a thick solution of dextrin or gum, and by alcohol, but not by a strong 
aqueous solution of urea, by chloroform or by ether. The solution 
when boiled gradually acquires a light blue turbidity, and on addition 
of potash deposits black oxide of copper. (Schlossberger.) 

The flocculent precipitate obtained with water, acids, salts, sugar, 
&c., is amorphous cellulose ; it possesses all the properties of ordinaiy 
cellulose excepting the structui*e (even the colouring power, according 
to Bolley), and when dried,, appears more or less grey, translucent. 
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brittle, tasteless, not glutinous, and resembles dried starcb-paste 
(Scbweizer) ; if separated by alcohol, it is white after careful washing 
and drying. (Erdmann.) 

Ill contact with hasic acetate of lead^ cellulose (filtering paper) swells 
up considerably, rendering filtration impossible, and after 48 hours is 
converted into a loose thread-like tissue. The compound formed after 
sufficiently prolonged contact contains, after washing with hot water, 
33T p. c- oxide of lead (3 PbO,2C-^H20O^ == 34*1 p. c.) (Vogel, iV. IteperL 
6, 239.) 

Cotton immersed in a solution oi pluriibate of lime (obtained by mix- 
ing neutral acetate of lead with lime till the resulting precipitate is 
redissolved), abstracts the lead. (Walter Crum, Ami. Pharm. 55, 227.) 

In aqueous solution of nichel-ammonia^ cellulose does not swell up, 
but remains colourless and undissolved. (Schlossberger, J. pr. Clmiu 
73, 369.) 

Ill the hidigo‘Va% cellulose turns yellow, and on exposure to the air, 
blue ; but no chemical compound of cellulose with indigo is formed 
( W alter Crum) ; it is not coloured by solution of indigo or of carmine 
and has no attraction for these colouring matters. (Maschke, /. pr, 
Chem. 76, 47.) 

Cellulose is insoluble in alcohol, in ether, and in oils both fixed and 
volatile. 


First Appendix to Cellulose, 


1. ParacelMose. — The utricular tissue of the wood which forms 
the medullary rays ; hence also in the pith of trees. — Soluble in oil of 
tftriol, strong hydrochloric acidy and strong boiling potash-ley. Insoluble 
in aqueous but becomes soluble after 24 hours’ boiling 

with water, or by treatment with acids or aqueous alkalis. (Premy, 
Compt. rend. 48, 667 and 862 ; Ff, J, Pharm. 35, 321 and 401 ; abstr. 
Instit. 1859, 121 and 151.) 

2. VascuLose. — The constituent which forms the vessels of wood. 

To obtain it, the vessels, as they occur in nature, are first treated 
with potash-ley to remove albuminoids, pectinoids and tannin, then 
repeatedly with hydrochloric acid, increasing the strength each time, 
and with cold oil of vitriol to remove utricular and fibrous tissues ; 
and the residual matter is washed with water, alcohol, and ether. — • 
Vasculose is insoluble in concentrated acids, soluble in strong boiling 
potash-ley ; insoluble in aqueous cuprammonia, (Premy, Compt. rend. 
48, 862 1 Ff.J .Phamn. 35, 401 ; abstr. Inst. 1859, 151 ; Rip, Ghim, pure, 
1, 433.) ^ 

3. Fihrose. — The substance which fomis the fibres of wood. — Wood- 
shavings are boiled with strong potash-ley, and washed with water, 
alcohol, and ether. — White, easily turns mouldy; according to Becaisne, 
it exhibits under the microscope, the structui'e of woody fibre, only 
somewhat enlarged by the prolonged action of the alkali. — It dissolves 
in oil of vitriol, without passing into dextrin, and is separated from the 
solution by water as a thick translucent "jelly. It is insoluble in pot- 
ash-Iey and in aqueous cuprammonia. (Premy, Conpt. rend. 48, 862 ; 
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J. Pliarm, 35, 401 ; abstr. Imt, 1859, 151 ; Itep, Chinu pure, 
1, 433.) 

4. Cuim, — 111 the epidermis of Jeaves, petals and fruits, 

together with woody fibre, albumin, pectinoid substances and fat. 
(Fremy.) — According to Payen (Compt, rend. 48, 775) all the external 
parts of plants, viz., the epidermis and cuticle, consist of cellulose im- 
pregnated with fats, nitrogenous bodies, and inorganic salts ; he denies 
\Compt. rend. 48, 893), the presence of any pecuhar substance not con- 
taining nitrogen or woody fibre. 

The cuticle of leaves, or the leaves themsclvbs, are boiled for half 
an hour with weak hydi*ochloric acid and washed with water ; the 
woody fibre is removed from the residue by aqueous cuprammonia ; 
and tile undissolved portion is treated successively rntli water, hydio- 
chloric acid, weak aqueous potash, alcohol, and ether. (Fremy.) 

Cutiii exhibits under the microscope, the aspect of an amorphous 
perforated film. It is very extensible, contains 73*66 p. c. 0., 11-37 H., 
and 14*97 0., apiiroaching in composition to the fats. (Fremy.). — 
According to Payen {Compf. rend. 48, 893), it is a product of the trans- 
formation of the cuticle by the reagents above-mentioned, and not a 
peculiar constituent contained therehi. 

It decomposes wlien heated, producing fatty acids. It is not decom- 
posed by cold nitric acid, but when boiled with that acid yields all the 
products that are formed in like manner from the fats, especially 
suberic acid. It is not altered by contact with cold oil of vitriol or 
boiling hydrochloric acid. It is saponified by boiling concentrated 
aqueous potash, and from the soap thus formed, a liquid fatty acid may 
be separated, which is soluble hi alcohol and ether, but appears to be 
different from oleic acid. Clutin is not altered by dilute aqueous 
alhalis, by ammonia, or by any neuti-al solvent. 

Cntin is insoluble in aqueous ■ cuprammonia also in ether (Fremy. 
Compt. rend. 48, 669 ; K. J. Pkarm. 35, 321 ; abstr. List. 1859, 121 ; Pep. 
Chim.pure, 1, 357). 


5. Suberin. 

FouRCRor. Systhne, 8, 98 ; Scher. J. 8, 288. 

Chevreul. Am. Chim. 62, 323 ; N . Gehl. 5, 379. — Ann. Chirn. 96, 155 ; 
Bohw. 16, 327. 

DoPFmo-. Ann. Pharm. 45, 290. 

Mitscherlich. Ann. Pharm. 75, 310 ; J. pi\ Chem, 50, 148. 

Karhsiop. 

First investigated by Brugnatelli, then by Bouilloii-LagTange, 
Fourcroy, Link, and others. — is the chief constituent of the outer 
bark of Quercus Pohur; forms the cuticle of other plants (Fourcroy), 
sometimes the amorphous coherent integ-umciits of the entire 
plant, sometimes only the external cellular layer of the stem, 
very often several layers, as in potatoes ; it also forms a film over the 
most dehcate hairs of plants, which, like cotton, are difficult to wet 
with water, unless the cork has been previously removed by oxidising 
substances. (Mitscherheh.)— Resembles Fremy’s cntin.-— It is modified 
woody fibre. (GerWdt, Trcdte, 2, 485.) 
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Easped cork is exlaausted successively with water and alcohol 
(0he%T:eiil)5 with ether, alcohol, and water (Mnlder, J. pr. CJiem. 39, 
155), and afterwards with dilute hydrochloric acid, which treatment, 
however, does not remove cork-resin (xiii. 204), a nitrogenous sub- 
stance, or woody fibre. (DoiDping.) 

Yeiy light, soft, and elastic ; of cellular structm’e. Eeddish grey 
(Bopping'). Not easily wetted by water. 



Mulder. 

Bopping. 

Mitsckeiiich. 


at 130“. 




a 

b 

c 

d '' 

c 

65*52 . 

67*3 .... 

.... 62-30 . 

... 05-73 

H 

7*97 . 

8*7 .... 

.... 7-15 . 

... 8*33 

V 


2-3 .... 

.... 3*03 . 

... 1*50 

0 


21*7 .... 

.... 27*52 . 

... 24*44 



100*0 .... 

.... 100-00 . 

... 100-00 


a and b from cork; c from potatoes ; d from cork, carefully pnri^ed from the brown 
substances which envelop it. It is not exactly known whether the nitrogen is an essen- 
tial constituent of the suheriu itself, or exists only in the substances which adhere to it. 

Snberin yields by chi/ distillation, gases, a small quantity of acid 
water, a colourless, or brown oil, a small quantity of anunonia, a crys- 
talhne oil which melts when heated, and a subhmate which volatilises 
with a fatty odour, and leaves an easily combustible charcoal aggre- 
g'ated here and there in lumps. (Clievreul.) — It hnrns easily in the 
open fire, with tumefaction and ;brilliant white flame (Chevreul), 
emitting a peculiar odour like that of crude cork (Bopping), and 
leaving a soft, loose, tumefied coal. (Chevieul.) — Chloride of iodine 
converts it, with evolution of hydrocMoric acid, into a mass wliich con- 
tains chlorine and iodine ; gives up those elements to water when 
boiled with it ; and leaves a brown-black, tough, glutinous mass, inso- 
luble in water, soluble in aqueous alkalis, alcohol, and ether, yielding 
by distillation iodine, hydiechloric acid gas, carbonic oxide, and car- 
buretted hydrogen, and leaving a carbonaceous residue. (Casaseca, 
J. Plmrin, 12, 620 ; J, pr. Chem. 17, 151.) — It is oxidised by nitric acid 
of sp. gr. 1*2, even below 100°, the cells becoming soluble with tume- 
factiqu in aqueous potash, and separating from one another ; at the 
same time reddish products are foiuied, which melt in the boiling 
acid and are soluble in alcohol, and ultimately suberic and succinic 
acid. — Cork, the suherin of potatoes, and the cuticle of Aloe lingua 
yield similar products in variable quantities, any woody fibre that may 
also be present remahiing insoluble in the acid, even if the mixture be 
heated over the water-bath till no more red fumes are evolved. The 
suberin of potatoes yields, with nitric acid, 6 per cent, of a fatty acid 
soluble in alcohol ; common cork yields 39*67 p. c. of a fatty acid, 
leaving 2*55 p. c. woody filbre. (Mitscherlich.) — Suberin treated with 
nitric acid forms oxalic acid (Chevreul, Dopi^ing) ; if first macerated 
with 6 pts, nitric acid of sp. gr. 1*28, and then^distilled, it yields a 
nitro-resin, suberin, oxalic acid, ammonia, and artificial bitter, leaving 
woody fibre. Common cork yields with nitric acid, the same products, 
together with traces of benzoic acid, giring off nitrous gas, carbonic 
acid, hydrocyanic acid, and acetic acid. ■ (Chevreul) — Oil of vitriol 
blackens cork, does not form gum from it (Vogel), but when heated 
slowly forms brown products, (Mitscherlich.) 



^^OOD. 


147 


6. Wood. 

Fouechot. Systeine des comaisances chimiques^ 8, 87. 

Peoust. J, Phys. 48, 469 ; Sche;i\ J, 7, 707. 

Saussuee. a. GeJih 4, 681. 

PbUMFORD. Schiu, 8, 160. 

Beaconnot. Ann, Ghim. Phys. 12, 172 ; Schw. 27, 328; Gilh. 63, 347. 
Pa YEN. N. Ann. Sc. nat. Pot. 11, 27; abstr. Coinyt. rend. 8, 51 ; J. in\ 
Clwn. 16, 436. 

V. Baumhauer. Scheik. Onderzoeh. 2, 62 ; J. pr. Chem. 32, 204. — Pcpert. 
95, 220. 

Base. N. Br. Arch. 56, 159. 

Chevandier. Arch. phys. 8, 5; IP. Ann. Chm. Phys. 10, 136.— 
Peport, Compt. rend. 24, 269. 

ViOLETTE. N.Ann. Ghim, Phys. 23, 475; abstr. Gompt. 7'end. 26, 683; 
Dingl. 109, 137. 

P. Schulze. Beitrlig. z. Kenrdniss d. Lignins, Postock, 1856 ; abstr. 
Ghem. Centr. 1857, 321. 

Fremy. Gompt. rend. 48, 862, 275 ; Pharm, Viertelj. 9, 221. 

Decomposition of Wood. 

Peichenbach. Schw. 59, 436. — 61, 175, 273, 464. — 62, 46, 129, 
273.-65, 295, 461. — 66, 301. — 67, 1, 57, 274. — 68, 1, 57, 223, 
239, 295, 351, 399. — 69, 19, 175, 2il.—A}m. Pharm. 2, 253 
and 259.— 8, 216. — 24, 238. 

Gregory. Ann. Phmin. 21, 143. 

Liebig. Ann. Phamn. 30, 264. 

Hermann. J. pr. Ghem. 27, 165. 

Mulder. Scheih. Onderzoek, 2, 76 ; J. pr. Ghem. 32, 821. 

ViOLETTE. N.Ann. Ghim. Phys. 23, 475; abstr. Gomp>t. 7^end. 26, 683 ; 
Dingl. 109, 137.— iV”. Ann. Ghim. Phys. 32, 304; J.qm. Ghem. 54, 
313; abstr. Phann. Gentr. 1851, 530. — N.Ann. Ghim. Phys. 39, 
850; abstr. Pharm. Gentr. 1853, 376; J.pr. Ghem. 59, 332. 
Cagniard Latour. Inst. 1850, 214, 253. 

Goppert. Pogg. 72, 174; J. pr. Chem. 42, 56. 

PettenivOEEe. N. Pepett. 3, 74, N. Jakrh. Pharm. 1, 360; J. pr, Chem. 
62, 508; Pharm. Gentr. 1854, 601. 

VoLCKEL. Pogg. 82, 49G; abstr. x4?d?. PA «m. 80,306; Pharm. Gentr. 
1851, 470. — Pogg. 83, 272 and 557 ; abstr. Ann. Pharm. 80, 309 ; 
Pharm. Gentr. 1851, 870; J.pr. Chem. 54, 181. — Ann. Pharm. 86, 
66 ; abstr. J. pr. Ghem. 60, 68. 

Cahours. Compt. 7'end. 30, 319 ; Phamn. Gentr. 1850, 344. 

Fehling. Atm. Pharm. 106, 388. 

Fritzsghe. j. pr. Chem. 82, 321. 

Distillation products of Peat, Lignite, and Coal . 

PuNGE. Pogg. 31, 65 and 512. — 32, 308, 323. 

Hoffmann. Ann. Pharm. 48, 1. 

Laueent. N. Atm. Ghim* Phys. 3, 195% 
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Mansfield. Chem. Soc. Qu. J- 1, 244; Ann, Pliarm, 69} 168; Pliarm, 
Ccntr, 1849, 876. 

Eitthausek. J. pr, Cliem. 01, 74. 

Williams. Ed . W. FMl J. W. Ser. 2, 324; Pharm. Cenir. 1855, 856 ; 
X pr. CJiem. 67, 247.— PH. Mafj. [4] 13, 134; 14, 223; Ann. 
Pharm. 102, 126; X. Chem. 72, 176; Pharm. Cenir. 1857, 254. 
— Phil. Trans. 1857, 447. — Phil. Trans. 1857, 3, 737 ; Arm. Pharm. 
lOS, 384; X pr. Chem. 74, 258 ; 76, 840. — Chem. Boc. J. 15,130. 
Ohuech. Phil. Mag. [4] 13, 415; Ann. Pharm, 104, 111; J. pr. Chem. 
72, 124 ; Chem. Cenfr. 1857, 927. 

Yohl. Ann. Pharm. 98, 181. — 103, 283. — Dingl. 143, 363 — Ann. 
Pharm. 107, 45. — 109, 192. — l)ingl. 152, 806 and 390; abstr. 
Chem. Centr. 1859, 490 and 517. 

Fresenics. Eassav.ische Gew.Ver. Mitth. 1855, 13 and 14; Dingl. 133, 
129 ; abstr. Chem. Centr. 1856, 242. 

Wagensianx. Dingl. 145, 309 ; abstr. Chem. Centr. 1857, 691. 

Muller. Dingl. 146, 210; abstr. Chem. Centr. 1858, 47. 

SuLLiYAN. Atlantis 1, 185; Kopp/s Jahresher. 1858, 280. 

Grace Calyert. Compt. rend. 49, 262 ; Kopp’s Jaliresber. 1859, 742. 
Hess. Dingl 153, 380 ; abstr. Chem. Centr. 1860, 164. 

Thexius. Ueher einige neue organische Basen des Steirikolilentheers, 
Gottingen, 1861. 

Wood consists, according to Payen, v. BaiiinliaiiGi*, and Schulze 
of cellulose or woody fibre, which forms the cell-walls, and of 
incrusting substances deposited thereon {Bclerogen, Lignin = products 
of decomposition of the decaying cells [Schleiden, Grundz. d. imss. 
Botanih, Leipzig’, 1849, 1, 172]). Fremy denies the existence of incrust- 
ing substances, and supposes that the true woody tissue consists of 
vasculose, which is insoluble in oil of vitriol, soluble in boiling concen- 
trated potash-ley, paracellulose soluble in oil of vitriol and in boiling 
potash-ley, and filmose soluble in oil of vitriol, but insoluble in boiling 
concentrated potash-ley (see page 144). Wood likewise contains the 
following substances in variable quantities, varjung with the season and 
locality, and with the species and age of the plant : — the constituents 
of the sap, such as albuminoidal substances (0*81— O’ 12 p. c. nitrogen, 
according to Chevandicr), sugar, gum, tannic acid, &c., colouring 
matters, stax’ch (only in autumn and winter), pectose, according to 
Fi’eniy (Payen found none), resins and volatile oils, and the ordinary 
mineral constituents of plants. 

The external properties of the wood depend, partly on the mode of 
union of the fibres (ivory or fibrous texture), partly on the proportions 
between the essential or adventitious proximate constituents. Hence 
the several species of wood differ greatly in hardness, colour, and ap- 
parent specific gravity. The latter, that is to say, the specific gravity 
of the wood air-dried, but still containing air, varies, according' to Kar- 
marsch {Griindz. d. mech. Teclmologie, 635), from 0*883 (poplar- wood) to 
1*342 (logwood). The actual specific gTavity of different kinds of 
wood is tolerably uniform, 1*5, according to Yiolette; from 1*46 
(maple) to 1*53 (oak), according to Pumford. Wood always contains 
a larger quantity of carbon than cellulose ; its composition varies be- 
tween very wide limits (according to the nature of the incrusting sub- 
stances: Payen), as much apparently in the same as in differeiit 
woods. The lowest and highest amoxmts actually found are : 46*10 
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p. c. C., (beech-wood) Baer, and 54*44 p. c. (oak-wood) Payeii ; (beech- 
wood = 54*35); — 5*55 p. c. H.j (box-wood) Prout, and 6*40 p. c. 
(aspen- wood) Payen ; — 39*32 p. c. 0., (oak-wood) Payen, and 46*87 
p. c. (beech- wood) Baer. 

Decompositions. 1. Wood 'hQ heated io 150° without sensible 
alteration. At a higher temperature, decomposition begins, its course 
being different according as the products are free to escape, or are 
kept in contact with the wood under increased pressure. 

A. Wood exposed to a high temperature in close vessels is 
converted into charcoal resembling coal and burning with flame. 
(Hall, N. Gehl. 1, 612.) Perfectly dry wood of sycamore, oak, birch, 
box, or poplar, heated in a sealed glass tube to 360°, melts to a black 
liquid which solidifies with tumefaction ; dry logwood melts to a red 
liquid which solidifies to a chestnut-brown mass. Wood (even log- 
wood) heated _ in the same manner with half its weight of water, is 
converted into a substance resembling bituminous coal, and burning 
with a smoky flame. (Cagniard Latour.) Wood of the berry-bearing 
alder dried at 150°, containing 47*51 p. c. 0., 6*12 H., 46*29 0., and 
0*08 ash, yields, when heated in a sealed glass tube, gases which 
escape with violence when the tube is opened, a very faintly coloured, 
clear or milky liquid, and a solid residue, which resembles red coal 
(Dothkohle) if it has iDeen charred between 160° and 200°, black coal 
(Schwarzhohle) between 220° and 280°, and caking coal if charred at 
still higher temperatures. At 280® it still retains the structure of 
wood; between 300° and 320° it is tumefied, at 340° fused into a 
dense mass ; it then amounts to 79*1 p. c. of the wood employed, and 
consists of 77*07 p. c. C., 4*70 H., 14*04 0., and 3*84 ash. (Yiolette.) 

The composition of the wood and of the residue at different temperatures, as stated by 
Violette, are not in accordance with the quantity of the residue. (Ritter.) Yegetable 
substances strongly pressed between moist clay, so that the vapours 
can escape but slowly, and heated to between 200° and 300°, yield a 
residue resembling coal. (Baroulier, Compt. rend. 46, 376; Chem. 
Centr. 1858, 368.) Pirwood and water heated together in a close 
vessel to 400°, yielded a coaly residue, black, hard, dense, shining*, 
difficult to burn, and giving off scarcely any traces of volatile matter 
when heated. (Baubree, Anii. Ilm. [5], 12, 305.) 

B. When wood previously well dried is heated in vessels which 
allow free egress to the volatile products of decomposition, water is 
first driven out, and there passes into the receiver, first a colourless, 
then a yellowish liquid. As the temperature rises, the vapours 
become smoky, the distillate continually more coloimed, and smoky 
gases escape. The liquid distillate becomes mixed with drops of oil, at 
first mobile and slightly coloured, then continually more viscid and 
dark-colourcd, so that the exit- tubes are filled with black pitch liqui- 
fied by the heat. The residue in the retort is charcoal {Eokhohle), 
The liquids which pass over mix in the receiver and separate, when 
left at rest, into two layers, an upper wateiy layer, which is Cmde 
Wood-mnega 7 \ or Pyroligneous acid, and a lower layer consisting of 
Wood-tar. 

Ill the dry distillation of hornbeam- wood (Ca?pm(s Petulus), Woll- 
ner’s empyreumatic fat is obtained in the outermost receivers, floating 
on the top of the empyreimiatio oil ; it resembles mutton-fat, has a 
specific gravity of 0*979, melts at 94°, and is saponified by alkalis, 
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yielding glycerin. (Wollner, 59, 454; Kastn, 1829, 363 ; 
Barzel. Jahresber, 10, 228.) 

The composition of the gaseous, liquid and solid products of the 
dry distillation depends partly on the constitution of the wood em- 
ployed, hut more on the degree and manner of heating-, so that the 
quantitative proportions of the several compounds vary greatly, and 
many, under certain circumstances, are absent altogether. At the 
lower degrees of heat, a comparatively larger quan’tity^ of oxygen and 
hydrogen is employed m the formation of water ; at higher tempera- 
tures (above 300°) there is a more abundant formation of acetic acid 
and other oxygen -compounds, together with hydrocarbons ; the more 
rapidly the heat is applied, the larger is the quantity of wood- vinegar 
and tar produced, and tlae smaller the quantity of residual charcoal. 
(StolzG, WincMer, Karsten.) 

Gases. The gases evolved in the ordinary process of distilla- 
tion arc carbonic oxide, carhonic acid, marsh gas, and hydrogen, 
containing scarcely any traces of other hydrocarbons ; but if wood is 
heated — as for the preparation of illuminating gas, to a temperature 
considerably above that at which the liquid products of the distillation 
are decomposed, olefiant g'as and other hydrocarbons of higher atomic 
weight are formed, at the expense of the tar, (Pettenkofer.) 

The crude wood- vinegar and the wood-tar are resolved — according 
to the kind of treatment to which they are subjected — ^into various 
but still mixed products. 

a. By distilling off 10 to 15 per cent, of the crude wood-vincgai’, 
Cruch Wood-spirit is obtained, consisting principally of the more volatile 
matters such as acetic acid, acetate of ammonia, methylic alcohol, 
acetate of methyl, lignone, acetone, aldehyde, mesite, pyrocatecMii, 
and pyroxanthog'cn. It likewise contains, in greater or smaller quan- 
tity (probably according to the quantity of the product distilled from 
the crude wood- vinegar), volatile oils, a substance which turns brown 
on exposure to the air, and bodies identical with those which remain 
in larger quantity in the residue of the crude wood- vinegar, and in the 
tar. 

See vii. 285; Acetic acid, Yiii. 274 ; viii. 283 ; [Scanlaii’s 

Liquid, ix, 55] ; Acetate of Methyl, viii. 484 ; [Acetone, ix. 1] ; Lignone, ix. 41 ; 
Mesite, ix. 53; Pyroseanthin, xiv. 163.’ — The non -bracketed bodies in this list are 
mentioned in the places cited, with reference to their origin and their separation from 
crude wood-spirit. Respecting Weidmann and Schweizer’s Mesite and Xylite, see ix. 48 ; 
also Volekel {Pogg, 83, 272 and 537) ; on Creosote and the Volatile oils of Wood-spirit, 
see below. 

On mixing cnide French wood-spirit with water, a pale yellow 
layer of oil separates, which distils over between 90° and 200°, and 
may be decomposed by fractional distillation after being treated with oil 
of vitriol. Toluene, xylene, and cumene are then obtained in succession, 
and between 164° and 168°, a peculiar hydrocarbon, isomeric with 
cumene and mesitylene, but differing from both. (See xiii, 338). 
(Gahoiirs, Compt. rend. 30, 319.) 

Pjmocatechiii (xi, 379) occurs in crude wood-vinegar to the amount 
of yV to -I- per cent., — ^likewise in all products of the distillation of 
wood, (Pettenkofer, Ann. Pharm. 87, 256 ; M. Buchner. Ami. Plianm 
96, 186). 

h. The residual portion of crude wood-vinegar is an aqueous solution 
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of variable quantities of acetic acid, cmpyreximatic oil, and resin, and 
a peculiar extractive matter called empyreumatic extract. (Berzelius.) 
It likewise contains creosote, a small quantity of eiipione, and other 
volatile oils. (Keiclienbach, comp, xi, 140.) 

By boiling the residue with excess of potash-liydi'ate, this empy- 
reiunatic oil and resin are for the most part removed, while the extract 
remains dissolved. If the wood-vinegar be neutralised with lead-oxide 
or ammonia, neutral acetate of lead then throws down the empyreu- 
matic resin, and the filtrate freed from lead by sulphuretted hydrogen, 
leaves on evaporation, a nitrogenous mass resembling vegetable ex- 
tract, and separated hj alchohol into a soluble and an insoluble por- 
tion. The empyreumatic resin still contains acetic acid ; it may be 
further decomposed by digesting* it with alcohol, and treating the dis- 
solved portion with ether and soda-ley, and after prolonged boiling 
with water, is converted into mould-like substances (Berzelius; 
for further details, see BerzelitiSy Lehrb. 3 Aiifl. 4, 499.) 

If the distillation of the crude wood-vinegar be continued after the 
crude woocl-spMt has passed over, distilled wood-vinegar is obtained, 
and a red-brown syrup, called wood-vinegar tar remains behind. The 
former, on account of the fmiurol and creosote which it contains, can- 
not be obtained colourless, even after repeated rectification, and always 
leaves a slight residue of wood- vinegar tar. (Ydlckel.) 

The distilled wood- vinegar may be freed by agitation with ether, 
from volatile oil, creosote, and p^TOxanthogen ; the former may 
lil^ewise be removed by neutralisation with potash-ley. On boiling the 
liquid nearly neutralised with potash-ley, the volatile oils are £iven 
off ; and if the residual liquid, while still boiling, be supersatmated 
with potash, it acquhes a deep brown colour, and on subsequent 
addition of hydrochloric acid, deposits brown flocks, probably produced 
b}^ decomposition of furfm'ol. By supersaturating distilled vinegar 
with hydi'ate of lime, the solution, if immediately filtered, becomes 
turbid on standing or warming, in consequence of the action of the 
lime on the volatile oils. On evaporating the liquid, a yellowish brown 
substance separates, while acetate of lime crystallises out, partly by 
itself, partly in combination with YdlckeTs assamar. 

The wood- vinegar tar mixed with water deposits a black-brown 
viscid mass, the supernatant hquid remaining strongly coloui*ed. If 
the viscid mass be freed by repeated boiling with water from adhermg 
acetic acid, YdlckeTs assamar, creosote and volatile oils, the residue 
becomes bitter and friable, and yields to ether a red-brown resin 
(softening by heat, having a pitchy odour, which it loses by prolonged 
heating to 100°, solidifying at the same time, — and containmg 70'36 p. c. 
C., 7*4 H., and 22*24 0.) ; — it afterwards yields to alcohol a brown sub- 
stance (containing 63*9 p. c. 0., 6*1 H,, and 31 *0 0.), a small quantity only 
remaining nndissolved. Tins body soluble in alcohol is, according to 
Ydlckel, produced from his assamar by elimination of water and formic 
acid. (Ydlckel.) 

G, If the wood-tar be again subjected to distillation, three layers of 
liquid collect in the receiver, the upper being light tar-oil (the einpyrem- 
maticoilol Berzelius), the middle consisting of wood-vinegar and water, 
and the lowest, of heavy tar-oil (the empryeumatio resin ^ and oil of 
Berzelius.) When about half the tar has been distilled off, the residue 
solidifies on cooling, forming the Uach pitch of commerce.-— If the 
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eiitii'e distillate be again rectified, tlie Hqnid which passes over consists 
cliiefly of enpione, so long as it floats on the water, afterwards of creosote 
when it sinks, and finally of paraffin, when grey vapours make their 
appearance. (Eeichenbach.) After the paraffin, clirj^sene and pyrene 
(Q30J-P3) pjgg over. (Lam’ent.) 

The usual constituents of wood-tar are the following, besides small 
quantities of those which pass over in greater quantity into the 
crude wood-spirit and wood- vinegar, mesite (ix,^_53), toluene (xii, 226), 
sylcne (xiii, 116), cumene (xiii, 338), methol (xiii, 341), and a peculiar 
hydrocarbon isomeric with cumene (xiii, 341); enpione mf.), creosote 

(xi, 134), carbolic acid, cresol, capnomor, picamar, pittacal, cedriret, 
paraffin, naphthalin, paranaphthalin, chrysene and pyrene. ^ 

The liea^^ tar-oil obtained in the distillation of very resinous woods 
contains retene (Krauss & Fehling ; Fritzsche.) 

The first portions of empyreumatic oil obtained in the distillation of 
wood are colouiless and mobile, but the subsequent portions are yellow, 
finally broum and black, and at the same time more viscid- On recti- 
fying this oil se, the same appearances arc repeated, and charcoal 
is left in the retort at each distillation. But by distilling the empy- 
reumatic oil, a few times with water, it is obtained colourless and 
mobile, and leaves a residue of pitch. (Berzelius, Lehrh. 3 Aufl. ^ 8, 
486.) The residue left on distilling the empyreumatic oil witli 
water, yields to water, acetic acid and, resin, while a resin is left, 
identical with that obtained from glance-soot {Glanziniss), (Colin, Ann, 
CUm. Fhys, 12, 209.) 

The first twenty litres of the volatile distillate from 600 Idlo- 
gTammes of beechwood tar contain acid water and mesite, together 
with smaller quantities of creosote, eiipione, and picamar, ' The 
picamar may be prepared from that portion of the distillate 
whose specific gravity lies between 0*9 and 1*15 ; the pittacal and 
capnomor from that portion of the tar obtained in the course of 
the distillation which sinks in water. (Reichenbach ; for further details re- 
specting this body see below.) 

Light Tar-oil. — This oil always passes over yellow, even after 
repeated distillation, because it contains furfurol, pyroxantliogen, and 
other substances. When subjected to dry distillation, it yields, be- 
tween 40° and 100°, a small quantity of liquid, consisting of acetate 
of methyl, acetone, mesite, xylite, and products of decomposition of 
the latter bodies ; and between 100° and 200°, a mixture of oxygen- 
ated and non-oxygenated products. The portion which goes over 
between 100° and 150°, yields, when treated as directed at page 341, 
voL xiii., toluene, xydene, oxide of mesityl, and a small quantity of 
methol; the distillate obtained between 150° and 200°, yields, when 
treated in like manner, methol and oxide of mesityl, and appears to 
contain a small quantity of capnomor. (Yolckel, Am. Pharm. 86, 3«31-) 
The light volatile tar- oil appears, therefore, partly to go over with the wood-spirit, 
inasmuch as Cahours found the same bodies in French wood-spirit (see page 150). The 
volatile oil from wood-spirit examined by Kane {Ann. Pharm. 19, 168), was doubtless 
also a mixture of the same bodies (Kr). 

BdcJienliacP s Enpione. — Under this denomination, Eeichenbach 
described several bodies, probably of mixed nature. Subsequently the 
name was applied to certain empyreumatic oils, agreeing with Eeich- 
enbach’s enpione in being unalterable by oil of vitriol or by potash- ley 
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324). (Gregory, J. pi\ Chem. 4, 5. — K. Braudes, K. Sr. Arch, 
16, 122.) — a, Formerhj {Schiv. 61, 177; 62, 129; Berz. JaJiresber. 12, 
309), EeiclienBach obtained enpione from wood-tar, or from the tar of 
animal substances, — by freeing the light tar-oil from all its alterable 
constituents by agitation with oil of Autriol, distillation with nitre and 
oil of Adtriol, and digestion with potash-ley, oil of vitriol, and hot 
potash-ley successwely, — and then rectifying the floating’ enpione over 
potassium, — as a colourless, thin, tasteless, and odourless hquid, of sp.gr. 
0*74, boiling at 169°, not solidifying at 20°, difficult to set on fire, but 
burning from a wick with a smokeless flame. This enpione is regarded 
by Volckel (Pogg. 82, 496) as a mixture of the hydi’ocarbons from 
light tar-oil. — b. More recently (J. p’. Chem. 1, 377; Berz. Jalir ester . 
15, 400), Eeichenbach prepares enpione from the oils obtained by the 
dry distillation of rape-oil, in the same manner as formerly from wood- 
tar, and now obtains it as a colourless, extremely mobile liquid, of high 
dispersive poAver, of sp. gr. 0*655 at 20°, and boiling at 47°.— Enpione 
prepared by Eeichenbach did not boh when immersed in water at 80°, 
and contained 77*46 p. c. C., 14*31 H., and 8*23 0. (Hess, Ann. Pliarm. 
23, 253). — From birch- wood tar, Hess (Peyy. 36, 417) obtained by 
Eeichenbach’s method, only the heavy volatile enpione boiling between 
100° and 140°, and containing equal numbers of at'oms of carbon and 
hydrogen ; but from oil-tar he obtained a very mobile liquid, which 
passed over betAveen 45° and 75°, and was not altered by oil of vitriol. 
The latter still contained oxygen, and after deducting this element, it 
contained carbon and hydrogen in the atomic proportion 
according to Fraiiklaiid {Ann. Pliarm. 74, 57), it is perhaps partly or 
wholly identical with hydride of amyl 

By repeated fractional distillation of the heavy tar-oil, a light oil 
which passes over at the beginning of the distillation, and paraffin 
which passes over at the end, may still be separated. When enough 
carbonate of potash to neutralise the acetic acid which still adheres to 
it, is added to the middle portion, an oil separates, which may be 
divided, by agitation with potash-ley of sp. gr. 1*2, into an insoluble 
part (which contains light volatile oil) and an alkaline solution, from 
which acids separate creosote and capnomor. — The portion of pine- 
Avood tar which distils between 150° and 220°, contains carbohe acid 
and cresylic alcohol. (Buclos, Ann. Pliarm. 109, 135). Gorup-Besanez. 
could not detect carbolic acid in beech- wood tar. (rtmi. Plmrm. 87, 
258). 

Blach pitch dissolves almost completely in alcohol and in potash-ley. 
When its alkaline solution is boiled, a colom*ed oil, possessing a stupe- 
fying smell passes over ; and when made acid again, it yields volatile 
fatty acids on boiling, wMle a black mass is deposited. On boiling this 
mass with water, creosote is given off ; and if the treatment with 
potash and acid, which has just been described, be several times repeated, 
the black mass is converted into a black powder, which, after long 
boiling with hydrochloric acid, yields to alcohol only a small quantity 
of resin, and there remains a substance, insoluble in alcohol and also 
in potash, and containing 65*04 p. c. carbon, 4*89 p. c. hydrogen, 
and 30*07 p. c. oxygen. (Volckel.) 

The residue left by the destructive distillation of wood, — 
the charcoal, that is, — retains the structure and form of the wood 
but has a smaller bxilk. Between 280° and 340°, it is obtained as 
red coal, and at higher temperatures as Hack coal (comp. p. 149) ; the more 



154 CARBO-HYDRATES 

intense the heat, the less hydrogen and oxygen does it retain, but it is not 
obtained quite free from them, gtcu if heated to the melting point of 
platinum. The specific gravity, hardness, and conducting power of char- 
coal, increase with the temperatm'e at \yMc1i it is prepared; its absorptive 
power for water, and its inflammability, on the other hand, diminish as 
the temperature rises. Charcoal prepared at 290° has sp. gr. 1*400, 
that prepared at the meltmg point of platinum has sp. gi*. 2*002 ; pre- 
pared at 260° — 280°, it takes fire in the air at 340° — 360°; prepared 
at the melting* point of platinum, it does not take fire below the melting 
point of copper- The employment of overheated steam renders the 
charring more uniform, and causes it to take place at a lower tempera- 
tiue than it otherwise would. Charcoal prepared by means of over- 
heated steam, below the meltmg point of antimony (430°), has the 
properties of charcoal prepared without steam, at 1200°. (Yiolette.) 

The products of the distillation of 2)eat^ lignite^ and coaly contain a 
large proportion of the compounds obtained by distilling wood ; the more 
recent the formation of the substance employed, the more of them does 
the distillate contain. Light, pale-coloured peat and lignite, which still 
show a distinctly woody structure, yield a light tar, and an acid watery 
distillate, often in such quantity that the latter might bo employed for 
the manufacture of wood-vinegar ; while heavy, dark, black peat and 
most kinds of lignite, yield amnaonia- water, and a heavy tar con- 
taining volatile bases. Peat begins to decompose at 109°, yielding at 
first water and a small quantity of yellow, mobile oil, and afterwards 
ammonia-water and tar. The various kinds of peat yield 5*6 to 9*2 
p. c. tar, and 25 to 39 p. c. ammonia-water. Lignite is decomposed 
much below red heat and yields 1*5 to 12*75 p. c. tar and 12 to 70 p. c. 
ammonia-water. Peat- or lignite-tar is coffee-brown, of sp. gr. 
0*880 0*975, and generally solidifies, from containing paraffin, wheir 

cooled. In the fiuther treatment of the tai*, it is carefully freed from 
ammonia- water by being heated to 100° and allowed to subside; the 
heavier tars arc slowly heated, common salt or Glauber’s salt being added 
to hasten the separation; and then the tar alone is g'radually heated in 
a still. . Gaseous sulphide of ammonium and pyrrol-bases pass over 
below 100° ; at 100°, a little very strong ammonia- water and light oil 
of sp. gr. 0*700 ; next follow oils of constantly increasing density in 
accordance with which they are separated into various portions. 
Above 200°, a fresh quantity of water appears, separated out from 
carbolic acid and creosote, and, when the water has ceased to come, 
oils containing parafiln. The distillation is continued till the residual 
asphalt-pitch has acquired the proper degree of hardness, or until it is 
entirely charred. (Yohl.) Yohl thns obtained from many different 
peat-tars, from 11 to 34*6 p. c. light oil of sp. gr. 0*820, from 8*67 to 
36 p. c. heavy oil of sp. gr. 0*860, from 0*424 to 8*01 p. c. paraffin, and from. 
11*54 to 42*4 p. c. asphalt-pitch; from lignite-tars, he obtained from 
10*63 to 33*5 p- c- light oil, from 11*11 to 43*6 p. c. heavy oil, from 
1*25 to 6*73 p. c. paraffin, and from 11*11 to 22*22 p. c. pitch. Prom 
other peat -tars, he obtained 18*9 — 34*5 p. c. carbolic acid and creo- 
sote, and 46*5 p. c. from lignite tars. The gas evolved at the begin- 
ning of the distillatioii of peat has little or no luminosity ; later on, as 
the temperatm'e rises, it has somewhat more. In order to use peat or 
ligmite for the preparation of illuminating gas, they must be treated 
in the same way as wood. Goal-tar is specifically heavier than the 
foregoing, — ^its sp. gr. is 1T2— 1*15 (Mansfield), — richer in yolatile 
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bases, heavy oils, and generally in naphthalin *, as tlio last product, 
however, is only produced by the contact of the vapours with the red- 
hot sides of the retort (see xiv, 2, 3) it is not a necessary constituent, 
and may bo entirely wanting in tar which distils at a comparatively 
low temperature. It is generally found in coal-tar, and in larger 
quantity when clay retorts are used than when iron retorts are em- 
ployed. The more naphthalin a tar contains, the less parafSn can be 
found in it. Grace Calvert found in tar from Bog'head-coal, 41 p. c. 
paraffin but no naphthalin, and, on the other hand, in tar from three 
other kinds of coal, no paraffin, but as much as 58 p. c. naphthalin. 
These tars contained 3 — 14 p. c. carbolic acid, 2 — 12 p. c. light oil, 
12—35 p. c. heavy oil, and 14—29 p. c. pitch. Thenius found in gas- 
tar, on an average, 4 p. c. light oh, 3 p. c. pure carbolic acid, and 
4 p. c. ammonia- water ; on the contrary, he found, in tar obtained By 
careful destmetive distillation, more than 30 p. c. of light oil of sp. gr. 
0*900. The further treatment of coal-tar on the large scale for the 
purpose of obtaining its several constituents, is the same as that fol- 
lowed in the case of peat and lignite-tar. For the mode of separating the 
various hydrocarbons, seexi. 135 — 137 ; for the mode of separating the carbolic acid 
seexi. 143. 

In addition to the substances abeady ennmerated as contained in 
wood-tar, coal-tar contains rosolic and brunoHc acids (Runge), propyl 
( 0 i 2 ]juj^ butyl (C^®n^®), amyl and caproyl — [f ac- 

cording to Williams’s latest experiments, {Cheia, Soc. J. 15, 130) these 
hydrocarbons, which be formerly believed to be homologues of methyl 
and ethyl, arc probably homologues of marsh-gas (hydride of methyl) ; 
e. y., (hydride of caproyl), G^^IP® = G^“IT^'’^,H (hydride 

of capryl) &c. f], — caproene, cBiianthylene (Williams), parabenzeno 
(Ghm'ch), cymene (Mansfield), methylamine and its homologues up to 
amylamino (Williams), aniHne (Runge, Hofmann), pjTicline, picoline, 
Intidine, collidine, parvoliiie (Williams), corridine (G^°NH1®), riihidine 
(G^^NIi^^), viridine (G^^NH^®), (Thenius), chinoline, 1 epicline, ciyptidine, 
(Williams), pyrrol (Rung’e),! anthi’acene (G^ff °) (Laurent, Anderson). 
The bases are combined with hydrosulphuric, acetic, carbonic, prussic, 
and hydro-sulpbocyanic acids, and, in, the watery distillate and tar 
from lignite and peat, with formic, propionic, and butyric acids 
(Sullivan), and valerianic acid. (Yohl.) 

Many of these bodies are probably also contained in wopd-tar, and 
have not as yet been found in it, only because they exist in too small 
quantity. 

The liquid hydrocarbons, with the exception of cymene which passes 
into the heavy oil, are found for the most part in the light coal-tar-oil. 
The boiling points of several of them lying very close together, it is 
impossible to separate them by fractional distillation ; hence, according 
to ilndcrson, the following process must be followed for this purpose. 
The hydrocarbons of the general formula G“H^ are converted into bro- 
mine-compounds by agitation of the mixture with bromine and water ; 
the hydrocarbons and those of the benzene series, which 

remain ima:^ected by this treatment, are distilled off ; the residue left 
to stand, and the middle layer of the thi'ee into which it separates 
repeatedly distilled with alcoholic potash and sodium, in order to repro- 
duce the hydrocarbons C^H^. In this way, caproene, b. p. 71° (seexL 
411. The boiling point of caproene is 55“ according to Fremy [W] )j — may he ob- 
tained from that portion of the distillate from Boghead-coal wliich 
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passes over between 71° and 77° and Las sp. gi\ 0'75, and oonantliyicnc, 
b.p. 99° (xiL 445), from the portion which boils betweeii 82° and 88°. 
(Anderson.) The liquid distilled off from the bromine-compoimds is 
treated with fuming- nitric acid, or with nitro -sulphuric acid, whereby 
the hydrocarbons of the general formula are converted into 

nitro-compounds ; the portion not attacked by the acids is separated, 
washed with aqueous alkali, cMed by means of solid potash, and recti- 
fied over sodium : by this process a mixture of hydrocarbons isomeric 
with the alcohol-radicals is obtained, the constituents of which can bo 
separated from one another by fractional distillation. (Anderson.) 
Carbolic, rosolic, and brmiolic acids occur principally in the heavy oil, 
and naphthalin also to some extent ; but the last substance is chiefly 
obtained, together with paranaphthalin, chrysene, and pyrene, by the 
distillation of the pitch. The volatile bases occur, according to Hof- 
mann, for the most part (to the extent of about 1 p. c.) in the heavy 
oil : according to Theniiis, in the light oil of sp. gT. 0*890 — 0*900 : and 
the bases of the chinoline series, according to Williams, in the heaviest 
oil. Pyrrol and adhering hydrocarbons are removed by boiling from 
the acid solution of the crude bases, obtained by shaking the oil with 
sulphuric or hydrochloric acid after it has been strongly cooled to 
separate the naphthalui ; the bases are then separated by caustic pot- 
ash, pm'ified by being several times alternately dissolved in acid and 
separated by alliali, dried by distillation over solid potash, and the 
several bases are at last separated from each other either by fractionah 
distillation, or, according to WilHams, by fractional distillation and 
by fractional crystallisation of their platinum-salts. Accoi-ding to 
Anderson (W. FML Mag. J. 9, 214, 214), aniline cannot he separated 
by distillation from the bases of the pyridine series ; in order there- 
fore to prepare these in a state of purity, the aniline must be previously 
destroyed by nitric acid. For the preparation of the individual bases from coal- 
tar, see xi. 247, 264 ; xii. 337 ; xiii. 149, 245 ; xiv. 103, 519 j xv. 5. 

The acids of the fatty acid series, together with hydrocyanic, 
hydrosulpho-cyanic, and hydrosulphnric acids, are found principally 
in the ammonia-water, in combination with ammonia, methyl amine, 
and other bases. The several constituents arc not, howevei*, strictly 
separated from each other according to the principal subdivisions of 
the products of distillation, but are for the most part contained, though 
only in small quantity, in each of them. 

The distillation of coal being commenced at a temperature at which 
a part of the liquid products of distillation are decomposed, the gas so 
formed always contains from the beginning luminous hydro-carbons ; 
towards the end, when the heat is much increased, scarcely anything 
is formed hut marsh-gas and hydrogen, and at last the latter gas only. 
Coal-gas generally contains sulphide of carbon vapour. The residue 
of the distillation, the coke, varies in its properties in the same way 
as charcoal, according to the degree of heat employed. 

2. By the action of the air. — ^A. Wood either di’y or moist inclosed 
with air, forms carbonic acid in the course of a few months at the 
ordinary temperature. (Karsten, Berl Acad. Ber. 1860, 38 ; abstr. J. 
p\ Chem. 79,22Q). 

B. The sawdust of recently felled timber (oak and hornbeam), 
pressed together and kept in a moderately warm place, enters after 
some time into vinous fermentation (caused by the presence of sugar 



WOOD. 157 

and albuminous substances in the sap), and yields an alcoholic distil- 
late. (Clievanclier.) 

0. Ill moist air, wood decays or moulders ; whereby a distinction 
is made between dry-rot and wet rot. When undergoing dry-rot, 
which occurs when it is moderately damp and air is almost excluded, 
wood retains its ligdit colour, and often even becomes lighter, and its 
elements separate in almost the same proportions as those in which 
they exist in wood. Dry-rot is sometimes accompanied by evolution 
of light, (i, 191). It is always accompanied by a fmigoid growth, but 
w^hether as cause or effect cannot be decided. In wet rot, moul- 
dering (simultaneous decay and putrefaction), wood assumes continually 
a darker and darker colour, and becomes continually richer in carbon, 
mould being produced at the same time. Moist wood, putrefying in 
confined air changes the oxygen of the ah into carbonic acid, but pro- 
duces even more water than carbonic acid. (Saussiire.) Decaying 
vegetable substances putrefy in an atmosphere of hydrogen, but con- 
tinue to evolve carbonic acid (Saussure) ; hence Liebig assumes that 
the formation of carbonic acid during decay is duo to the oxygen of 
the substance, and that the oxygen of the air unites with the 
hydrogen of the body undergoing decay. From Mayer’s and Will’s 
anatyses of oak-wood mould, and from Gay-Lussac & Thenar d’s 
analyses of oak-wmod, he concludes that 1 at. carbonic acid is formed 
for every atom of water. — Hermann found 186*3 volumes of air, with 
wdiich 21 volumes of putrefying wood had been in contact for five 
days, diminished by 4*3 volumes, 3*5 vols. nitrogen and 27*8 vols. 
oxygen having beeii replaced by 27*0 vols. carbonic acid. In 262 vols. 
of air, 13 vols. nitrogen and 27 vols. oxygen were replaced by 40 vols. 
carbonic acid after ten days contact with 28 vols. rotting (not com-, 
pleteiy rotten) wood. By maldng the arbitrary assumption that, in 
the last case, tlie water with which the wood was moistened, 
absorbed about” 13 vols. carbonic acid, Hermann concluded from 
these experiments, that, in the production of mould, nitrogen is taken 
up from the air and nitrogenous mould and ammonia formed, and that, 
in the decay of fresh wood, 4 measures of carbonic acid are formed for 
every 1 measure of nitrogen and 2 measures of oxygen. (Since, liow- 
ever, the air contained in the rotting* wood, which contains, according 
to Dessaignes (i. 192), a great deal of carbonic acid but only a little 
oxygen, is not taken into account here, it is more likely that the 
differences in the proportion of nitrogen in the air are caused by the 
exchange of nitrogen for carbonic acid existing ready formed in tlie 
wood: Ritter.) He assumes the formula to represent the 

pomposition of wood, and expresses its decompositions during putre- 
faction by the following equations : 

c. " + 0^ + N = 4 CO« + 4 HO + (W- 

troUn). 

h. Further decomposition of the nitrolin : 5 + 0®® + 

(Holzlmmussaure) + 2 (Bimmsextraet) 

-}- 3 NH® 4- 26 CO® + 14 HO; 

or, 4 + 0^ + (Rohliummsaure) 

4- (Eumusextract) 4- 3 NH® -f 2600® + 12 HO. 

He supposes that 1 at. of the ammonia thus formed remains combined 
with the “ Holzhumussatire,” and that 2 at, volatilise. 

c. Further decomposition of “ Hobshumussaure : ” 6 C^®N®'®H®®0®® 
4- 0® -f C^®HHW (EumiisquelMure) + 11 4- 33 HO ; 
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d, “ Torfsatzsaure + 12HO + 0^ -t- = 2Ci“NHi=0f. 

Aliilcler assumes the existence from the first in rotting* wood, of crenic 
acid, apocrenic acid, and uhnic acid, the 

fii'st of which disappears when air has free access. He assumes that, 
in general, oxygen is thereby absorbed from the air, but tliat only a 
little carbonic acid is formed. This applies especially to the incrusting' 
substance ; in the case of cellulose according to Mulder) he 

supposes a simple splitting up, without absorption of oxygen ; thus, 
2 {idmic acid) + 8 GO- + 14 HO + or, 

5 G^-'H-'O-"- = {ulmic acid) 4- {crenic acid) -f- 

(14SJJ12024 {apoc)''enic acid) 4- 8 GO^ + 37 HO 4- IP®. Hence, and from 

the processes which ho supposes to take place in the further oxidation 
of the constituents of mould to carbonic acid {e. y., 4- 

Q24PJ12Q16 ^ 4- 0^'- = 112 GO^" 4- 38 II), he assumes that 

probably in most cases a large excess of hydrogen remains, and sup- 

poses that it is not wholly oxidised by the air ; and that, when air has 
only partial access, carbonic oxide and carbiuetted hydrogen are 
formed instead of carbonic acid, the excess of hydrogen uniting witli 
nitrogen from the air to form ammonia. He seeks to support this 
Yiew by the observation that mould, as it occurs in nature, always 
contains ammonia, and by the expermrents akeady quoted (vii, 94), in 
which he left substances free from nitrogen in contact cither with air 
or water only, or with air, water, and charcoal, and so obtained 
ammonia or (nitrogenous) mould. The yield of ammonia in these 
experiments, seems to have been greater in proportion as the raw 
material, from which the non-nitrogenous substance was prepared, 
was .richer in nitrogen. Cane-sugar yielded but little, milk-sugar 
much more, while starch acquired a distinct smell of cheese, and evolved 
gas. 

D. When the supply of air is very limited, as under water con- 
taming* air, the decay of wood assumes still more the character of 
putrefaction. Carbonic acid and marsh-gas are evolved, and the 
formation of peat (principally from the lower marsh-plants mixed with 
only occasional woody particles), of lignite {Iroivii coal), and (after a very 
long time) of coal, takes place, accompanied by a fungoid growth, 
mostly of an acid character. Many kinds of lignite coiitam hydrogen 
and oxygen in the proportion to form water. The lignite of Ring- 
kuhl has been formed from oak-wood by the loss of carbonic acid and 
water. (Liebig.) — Assuming that heat and pressure have not 
exerted an influence, and that atmospheric oxygen has not had access, 
the formation of lignite must have been accompanied by absorption o.f 
oxygen and evolution of carbonic acid, marsli-gas, and water. (Bis-,( 
cho&, /.pr. Chem. 81, 329.)The piles of ancient bridges are sometimes 
almost entirely converted by river-water into a brown, easily powdered 
mass. (Herve-Mangon, Bidl. Soc. d' Encouragement^ 1857, 634.) Ap- 
parently well preserved wood from an ancient fortification on tbo 
sea-coast, near Carthage, contained 58*9 p. e. ash and 31*6 p. c, organic 
matter, consisting, when diied at 120°, of 58*9 — 60*0 p. c. C., 
5‘8 — 5*9 p. c. H., 0*6 p. c. H., and 33*5 — 35*0 p. c, 0., and therefore 
approximating- to the composition of lignite. (Peligot, Gompt, mid. 
44, 933.) — Elevation of temperature may produce the same result as 
length of time in decay of this kind. Wood and plants heated in 
water, with access of air, to 100° in the day-time and to 62° — 75° at 
night, during 1 — 2 years, were converted into lignite, but not into 
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coal even after years^ heating’. With the addition of a quantity of 
green vitriol, eqnal to 1 p. c. of the vegetable matter, they became like 
coal. (Goppert, Pocjg, 72, 174; J, p\ Gliem. 42, 56.) Concerning tlie 
preservation of Wood see vii, 112. 

3. Action of the air at high temperatures. — A. With limited access of air: 
Charcoal-hurnmcj^ Distillation of Tar^ Manufacture of Lamp-Uack. These 
processes are essentially the same as dry distillation, the only differ- 
ence being that, instead of heat being applied externally, it is generated 
by the partial combnstion of the substance operated upon. The pro- 
ducts are therefore nearly the same. In charcoal-burning’, the vapour 
is not condensed. In the manufactoe of lamp-black it is decomposed, 
partly by more air being allowed to have access, partly by exposiue 
to a high temperature in a flue of masonry which very soon becomes 
red-hot, in such a way that almost all the hydrogen is bm-nt, and 
nothing remains but finely divided carbon mixed 'with naphthalin and 
small quantities of ammonia and of a substance resembling mould. 

Concerning the empyreumatic oil obtained in the distillation of tar see p. 131. 

Soot contains many salts, chiefly carbonates, miniates, sulphates, 
phosphates, and acetates of ammonia, potash, lime, and magnesia. It 
yields to water 5G p. c. of soluble matter, and from the residue 18'5 p.c. 
of ulmin can be extracted by alkalis. The aqueous solution also con- 
tains ulmin. When evaporated to an extract, ether, employed either 
alone or with addition of hydrochloric acid, takes up from it a light 
yellow, bitter oil, which dissolves in a large cpiantity of water, and is 
precipitated from its aqueous solution by sugar of lead, at fii’st with a 
yellow, afterwards with a green colomr, and is also precipitated by 
tincture of galls, and is fuiTher soluble in alcohol, but not in oil of tui- 
pentiue, and is decomposed by heat or by nitric acid. This substance 
is Braconnot’s Aslolin. When the aqueous solution of soot is precipi- 
tated by sugar of lead, and the liquid evaporated to the consistence of 
honey after the excess of lead has been removed by sulphuretted 
hydrog'en, alcohol precipitates from the residue Braconnot’s animal 
matter of soot This body deposits reddish-yellow, transparent scales 
by solution in water and evaporation, and ;^delds empyreumatic oil and 
carbonate of ammonia by destructive distillation. (Bracomiot, 

CMm. Flips. 31, 37, & 53.) Lamp-black also contains many salts and 
a resin resembling asi^halt, which can be extracted by oil of tiupen- 
tine, and finther broken up by alcohol. (Braconnot.) By dis- 
tillation, either alone or with water, it yields em]:)yi*enmatic oil and 
naphthalin ; the latter body is also found sublimed inside the lids of 
the casks in which lamp-black is kept. (Reichenbach, Schw. 61, 188.) 
Acids give, in the alkaline extract of soot, a precipitate which, after 
being dried at 140°, boiled with alcohol, and again diied at 140°, still 
contains naphthalin, which must therefore exist chemically coml3ined 
with ammonia and humic acid. (Mulder, J. pr. Ckem. 21, SSL) 
Glance-soot (a compact carbonaceous deposit which collects in flues 
where wood is burned) is only slightly soluble in alcohol, hut dissolves 
easily in soda-ley, giving a solution which becomes gelatinous. 
(Mac Gullock, Ddink J. of Sc. 1, 321.) 

B. With free access of air, wood burns with a luminous flame, the 
gases and vapours generated by the heat of the combustion itself 
being immediately and completely bmmt without smoke when the air 
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is renewed with sufficient rapidity, but with production of smoke when 
the air is not quickly enough renewed. The smoke condenses in the 
chimneys of the fire-places to glance-soot, which contains the ingre- 
dients mentioned in the case of lamp-black but in larger proportions. 
Concerning Hunefeld's acid of carlon-vapour (ECohlendunstsiiure) See J. pr. Chem, 
7 , 29 . 

4. Deal sawdust did not change colour when kept several 
years in tvater free from air. (Saussure. Aim, Pharm. 42, 276) — 
5. Chlorine attacks principally the incrusting* substance : the cellulose of 
wood it attacks but slightly or not at all. (Paycn ; comp. Cellulose p. 134.) 

— 6. Wood is blackened by contact with oil of vitriol (pp. 136 — 138) — 

7. By concentrated nitric acid^ it is converted without change of form 
into substances resembling* pyroxylin (p. 135) which explode by heat ; 
it is coloured yellow or brown according to the quantity of foreign 
substances mixed with it. Nitric acid extracts colouring matter from 
ebony-wood without injuring its tissue. (Dutrochet). Oak, fir- and 
pine-wood became gelatinous by lying four days in fuming nitric acid; 
when afterwards washed with aqueous ammonia, they became yellow, 
and again colourless when washed with water ; under the microscope 
they exhibited a cellular structure, and, after being boiled out with al- 
cohol, they had the composition of cellulose (43*72 to 44*20 p. c. 0., 
5*92 to 5*99 p. 0 . H., 49*84 to 50*36 0.). No xyloidin is thus formed. 
(Mulder.) — Deal sawdust, dried at 100°, yields oxalic and pectio 
acids when boiled with 2 pts. water and 5 pts. nitric acid. (Saco, W. 
Ann. Chim, Pliys. 25 j 218; J.pr. Gliem. 46, 360). Concerning Sacc'spectic 
acid see below. 

8. When treated with aqueous alkalis, wood becomes less rich in 
carbon, because incrusting matter is removed and cellulose remains in 
a state of greater or less purity. (Payen.) (Comp. Cellulose p. U4,Er^my,) 

— Sawdust gives oxalic acid and hydrogen by the action of fused 
potash, in the same way as cellulose. (G-ay-Lussac, W. Ann. Ghim. 
Phjs. 41, 398; Pogg. 17, 171.) — When evaporated to dryness with 
equal quantities of potash and water, almost the whole quantity of 
wood is dissolved and converted into ulmin at the instant of frothing 
up (Br5.connot) ; the whole quantity of wood remains almost always 
unaltered. (Schleiden, Ann. Pharm. 42, 302.) 

9. In the manufacture of white lead by the Dutch process (j. 124), 
the boards which are exposed to the action of the air, carbonic acid,„ 
aqueous vapour, acetic acid, and ammonia at an elevated temperature, 
become, after being used 8 or 10 times, each time for 30 to 40 days, 
brown or black, light, crumbly, burn almost without flame, and con- 
tain a large quantity of ammonia and other salts, together with mould. 
(Payen, N. Ann. Chim. Phjs. 16, 231.) — 10. Wood exposed to the 
action of water, particnlarly of sea- water, in contact with iron and air, 
becomes at first black, from the formation of a compound of ferroso- 
ferric oxide, and soon afterwards, the ferric oxide acting as a carrier 
of oxygen, crumbly and pulverisable ; hence iron nails cannot be used 
in shipbuilding. (Knhlmann.) 

Intei'polation. 

1. Cedriret Obtained from beech- wood tar-oil The oil is freed 
from acetic acid by neutralisation with carbonate of potash, mixed 
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witli concentrated potasli-ley, the oil -vvliich swims on the top of the 
ley removed, and the ley neutralised with acetic acid. Part of the 
dissolved oil is thus separated out, while another part remains in 
combination with the acetate of potash, from which it may be obtained 
by distillation. As soon as a drop of the distillate gives a red preci- 
pitate with aqueons ferric sulphate, the remainder is collected apart. 
When treated with ferric sulphate or with bichromate of potash and 
tartaric acid, this portion becomes red, and, on standing, deposits red 
needles of cedriret.-^Thin red needles, which decompose when heated^ 
without melting. InfiammaUe^ burning away without residue. Dis- 
solves in ofZ o/nYnbZ with indigo-blue colour, which becomes yellow- 
brown by heat or dilution. — Decomposed by concentrated, not by 
dilute nitric acid. — Slig'htly soluble in boiling ace/xb acfc?, not precipit- 
able by ammonia. Soluble with purple colour in creosote^ precipitated 
crystalline by alcohol ; not soluble in other solvents. (Reichenhach, 
Berzd. Jahresh. 15, 408.) Volckel {Ann, Pharm. 86, 102) did not 
succeed in obtaining Reichenbach’s cediiret. 

2. CreoBote. Appendix to vol. xi, page 139. — Hlasiwctz & Barth 

obtained, by fractional distillation in a stream of hydrogen, a creosote 
wliich distilled between 205° and 210°, and contained 74*57 p. c. C., 
8*09 j). c. PL, and 17*34 p. c. 0. It consists, axcording to them, of a 
compound called creosol^ since it gives, when treated with 

potassium in a stream of hydrogen, compounds containing 

and (and bodies of similar composition when treated with 

ammonia, hydrate of baryta, bromine, and other bodies) and at the 
same time a second substance, not yet isolated. When treated with 
potassium, it yields by evaporation a small quantity of a colomiess oil 
which is more fluid than creosote, no longer becomes solid with potash- 
hydrate, distils for the most part between 193° and 195°, and contains 
on an average 75*4 p. c. C., and 8*8 p. c. H., but which still indicates 
the presence of creosote when tested with alcoholic ferric chloride. 
The products obtained from creosote by distillation with lime, or by 
long boiling with potash, are probably, according to them, mixtm’es 
resulting from the decomposition of the creosote and of the second con- 
stituent. (Hlasiwetz, Ann. Pharm. 106, 339 : for details see the original paper.) 

3. Capmnor. — When heavy beech-wood tar-oil is agitated, as for 
the preparation ‘of creosote, with potash-ley of sp. gr. 1*20, capnomor 
dissolves together with the creosote. The insoluble oil floating on the 
sm*f ace is removed; the alkaline solution is boiled for some time, cooled, 
and supersaturated with sulphuric acid; and the dark-brown oil which 
separates is distilled after the addition of a little caustic potash ; the 
distillate is shaken up with potash-ley of sp. gr. 1*16; the undissolved 
portion removed ; and the alkaline solution boiled, cooled, treated with 
sulphuric acid ; and the mixture of creosote and capnomor, wdiich sepa- 
rates, is distilled as before. The same treatment is repeated three 
times more with the product, but each time more dilute potash-ley is 
used, viz. : first of sp. gr. 1*12, then of sp.gr. 1*08, and lastly of 
sp. gr. 1*05. The undissolved oils all contain capnomor, but the portion 
which remained undissolved when treated with the dilutest potash-ley 
contains the most. This is accordingly mixed with an equal quantity 
of oil of vitriol (whereby it is heated and coloured red), and, when 
cold, diluted with water ; it is freed from the oil which swims on tiie 
surface, and then neutralised with ammonia. The oil which thus 
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separates is also removed, and the clear liquid ^ distilled j capnomor 
then passes over towards the end of the distillation, and is again dis- 
solved in sulphuric acid, the solution diluted with water, neutralised 
with ammonia, and redistilled, The product thus obtained is washed 
with potash-ley and rectified, the portion which passes over below 185'^ 
and whose specific gTavity does not exceed 0*98, being collected. — 
Colourless oil, refracts light strongly, has an agreeable aromatic smell ; 
sp. gr. 0*9775, at 20° ; boiling point, 185°. Neutral JBwrws with a 
smokeless flame ; permanent in the air ; not affected by boiling with 
7^ed lead^ oxide of copper^ or mercurio oxide, but reduces pe^inanganic acid, 
acetate of silver, and tercliloride of gold, the last to the metallic state, — 
Decomposed by and c/iZonne; coloured green and then brown 

by nitric acid of sp. gr. 1*45 ; decomposed, when heated with strong 
nitric acid, with formation of oxalic and picric acids and peculiar 
crystals. — Coloured purple-red by oil of vitriol ol gr, 1*85; black, 
by hot oil of vitriol. Water or aqueous alkalis do not separate any cap- 
nomor from the purple-red solution ; but, the acid solution partially 
saturated with potash, deposits a combination of capnomor witli. acid 
sulphate of potash, which dissolves again on heating, and crystallises 
by cooling in cauliflower-like shapes, and does not yield any capnomor 
to alcohol — Capnomor is but little changed by potassium or sodium. It 
dissolves several salts, several alkaloids, and many other vegetable 
substances ; it causes caoutchouc to swell up, and dissolves it with 
the aid of heat. — It dissolves in 300 pts. of boiluig glacial acetic a.cid, 
and in all proportions in alcohol, ether, acetic ether, acetone, fusel oil, oil of 
twpentine, and creosote. (Eeichenbach, J. pr. Cliem. 1, 1 ; Bei^zel. 
Jahresl. 15, 402.) According to Volckel, Reichenbach’s capnomor does 
not exist ready formed in tar-oil, but is produced during the treatment 
with sulphmic acid. Volckel, obtains his capnomor [which, however, 
Gorup-Besanez (xi, 142, 145, 149) and Hlasiwetz (p. 161) regard as a 
product of the decomposition of creosote] by dissolving commercial 
creosote in excess of strong potash-ley, separating the undissolved 
oil, and boiling the alkahno solution for a long time after dilution with 
water (see xi, 149). The capnomor, which passes over with the 
watery vapom*, is freed from creosote by agitation with strong potash- 
ley, then distilled with water, washed with dilute sulphimc acid, and 
after removal of the water, distilled by itself over chloride of calcium. 
Thus obtained, it begins to boil at 180°, the greater part distilling 
between 200° and 208° ; but, owing to a slight alteration caused by 
distillation, it leaves a small, viscid, dark-coloured residue. The portions 
distilling between 200° and 208° have sp. gr. 0*995 at 15*5°, and a 
constant composition (on an average 81*22 p. c. 0., 7*82 p. c. II., and 
10*96 p. c. 0.) con-espoiiding to the formula The same 

capnomor seems to be formed by the distillation of creosote with lime 
(xi, 149). (Volckel, Am Pharm. 86, 99.) 

4. Picamar. — Obtained from that portion of the heavy tar-oil which 
on fractional distillation passes over with sp. gr. between 0*9 and 1*15. 
{Berzelius, Jahresb. 13, 354. Subsequently Eeichenbach employs only 
tar-oil of sp. gr. 1*08 — 1*16.) The tar-oil is mixed with 8 jats. potash- 
ley of sp. gr. 1*16, allowed to stand for a few days in the cold, whereby 
picamar-potash gradually crystallises out (often occupying more than 
one-half the bulk of the liquid) ; the crystals are separated, purified by 
repeated crystallisation from boiling potash-ley, imtil the ley runs off 
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colourless, and decomposed by dilute p)hosplioriG (or hydrocliloric) acid ; 
and the separated oil is rectified two or three times over dilute phosphoric 
acid, and lastly alone in vacuo. — Nearly colomdess, transparent, thick 
oil ; refracts light strongly ; unctuous to the touch. Does not solidify 
at 20° ; boiling point 285° with 715 mm. pressure ; sp. gr. l-K) at 20°. 
It has a faint and not unpleasant smell ; its taste is unbearably bitter 
and burning, but the after-taste cooling like peppermint. Neutral, 
Becomes brown by boiling in the air ; not infiammable by itself, but bimis 
in a wick, or wdien heated, with a bright, smoky flame. Chlonne con- 
verts it into mould, and an oil insoluble in potash-ley ; wdth bromine it 
gets hot and is coloured red-brown. Nitric acid changes it into a red- 
brown, greasy mass, without forming oxalic acid ; oil of vitriol does 
not attack it below 150°. — Slightly soluble in ivater. With caustic 
potash (and likewise with ammonia, soda, baryta, and lime) it gives a 
crystallisable compound, which is decomposed by water or alcohol, but 
not by carbonic acid. Dissolves in oil of vitriol without decomposition 
below 150° ; easily soluble in acetic acid; soluble in all proportions in 
wood-spirit, alcohol, ether, acetic ether, creosote, and sulphide of caidon. It 
dissolves sugar of lead, cupric acetate, camphor, oil of turpentine, resin, 
picric, and benzoic acids. (Beichenbach, Berzel. Jahresh. 13, 354 ; SeJm. 
67, 274 ; G8, 295, and 351.) Yolckel (A?in. Fharm. 86, 103), could not 
succeed in obtaining Ileichenbach’s picamar. 

5. Fittacal is produced by addition of baryta- water to impure 
alcoholic picamar, or to heavy tar-oil, the acids of wliich are not quite 
neutralized by caustic potash. It gives to the liquid a beautiful indigo- 
blue coloui', which changes after some time into red or black. No 
method for preparing it in the pure state is given. Thrown down 
from its solutions as a flocculent precipitate, or obtained by evajDoration, 
pittacal forms a dark-blue, brittle, staining mass, having the appearance 
of indigo, and a coppery or golden metallic lustre. It has no taste or 
smell, and is fixed and nentral. Unalterable by liyht and air. Becomes 
brown like mould at a high tejnperature and chars, giving off an ammo- 
niacal smell Nitric acid decomposes it — It is not properly speaking 
sohible in water, but is so finely divided when shaken up with water 
that the mixture passes clear through a filter. It dissolves with crimson 
colour in diluted sulplmrio or hydrochloric acid, and abundantly vdth 
aixrora-red colour m acetic acid; alkalis restore the original blue colour : 
the smallest trace of ammonia suffices to do so in the acetic acid-solu- 
tion. It is quite insoluble in free aqueous alkalis, and is precipi- 
tated by them from its aqueous or acid solution in blue flakes, which 
appear, under the microscope, to be made up of fine needles. It forms 
a black-bine combination with lime, and heantifnl dark-blue precipi- 
tates, which are unaffected by caustic ammonia in excess, with (even 
slightly acid) solutions of sugar of lead, salt of tin, sulphate of cupr am- 
monium, acetate of cdumina, &c. By means of salt of tin and acetate of 
alumina, it can he made to dye cotton, wool, and linen. It is insoluble 
in alcohol, ether, and eupion, (Reichenbach, Schiu. 68, 1.) Yolckel 
(iw. Fharm. 86, 103) did not succeed in obtaimng Reichenbach's 
pittacal. 

6. Brunolic acid. — Produced, at the same time as rosolic held 
(xi, 153), by treatment of coal-tar with alkalis. Preparation xi, 153, 
154. A vitreous, shining, easily pulverisable mass resembling 

M 2 
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asphalt. Most of its compounds are brown and insoluble. It dls- 
solvcs in alcohol. (Runge, Pogg, 31, 71.) 


Second Appendix to CelMose. 

1. Ligno-SHlphtiric Acid. 


Bhaconnot. Ann. CJiim. Phjs. 12, 185; Scho. 27, 340; Gilh. 63, 3 GO. 
Bloistdeatt de Gaeolles. Bev. scient. 14, 476 ; J. pr. Chem. 32, 459. 
MaechaisT). /. Chem. 35, 200. 


Uolz&cliwefelmiLTe) Pfianzenschivefehaure; Acide veffeiosulfuriqtie ou sulfo- 
lignique. 

The copulated acid formed by the action of oil of vitrol on cellulose is identical 
according to Gerliardt (7Vci/e, 2, 548), with sulphamidonic acid. If, however, us 
Bechamp’s investigations render probable, cellulose-dextrin is different from starch- 
dextrin, it will follow that there must be a difference between the two acids, even 
though existing experiments do not suffice to prove it. (Kr.) 

Formation. By the action of oil of vitriol on hemp, linen, cotton, 
or paper ; the gum (Becliamp’s cellulose-dextrin) which is first formed, 
uniting with the sulphuric acid, (Braconnot.) 

Preparation. The solution obtained by triturating cotton-wool 
with oil of vitriol is mixed, as soon as it is clear, with a large quantity 
of water, and the solution is neutralised with carbonate of lead or car- 
bonate of baryta; from the resulting solution of ligno-sulphate of lead 
or of baiyta hydrosulphiuic or carbonic acid separates ligno-sul- 
phuric acid ; the solution is evaporated to dryness, the residue dis- 
solved in water and precipitated with ether-alcohol. (Blondeau.) — 
Marchand allows oil of vitriol to stand for four weeks upon Swedish 
paper, neutralises the diluted solution with lime, and separates the 
acid from the lime-salt. 

Properties. TJncrystallisahle, strongly acid syrup. 

Becomes brown at a gentle heat^ and blackens below 100'^, yielding 
sulphuric acid and charcoal; it blackens more quickly above 100°, and 
evolves sulphurons acid. (Braconnot.) — The aqueous acid splits up 
into sulphuric acid and dextrin when heated. (Blondeau.) 

Comhinations. Deliquesces in the air and dissolves easily in ivater. 

With Bases. — Ligno-sulphates. — The aqueous acid dissolves 
metallic oxides and carbonates and forms amorphous deliquescent 
salts. (Braconnot.) These salts evolve sulphurous acid when heated 
and leave a residue of sulphate and charcoal. (Braconnot.) — The 
baryta-salt and lead-salt are decomposed by carbonic acid. (Blondeau.) 

Ligno-sulphate of Baryta. — The aqueous solution of this salt ob- 
tained in the preparation of ligno-siilphuric acid is evaporated in vacua. 
(Blondeau.) 
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Calculation according to Blondeau de Carolles, 

Blond, de Carolles. 


18 C 

108 

.. 24-79 ... 

24-46 

19H 

19 

.. 4*36 ... 

4-25 

190 

....... 152 

.. .34-92 ... 

36-19 

2 S03 

80 

.. 18-37 ... 

18-CO 

BaO 

76-5 

.. 17*56 ... 

17-30 

CisHisois,2S03,BaO,HO 

435-5 

... 100-00 

100-00 


Ligno-sulpliate of Lime.— cl By saturating the aqueous acid, obtained 
as above described, with chalk and evaporating the filtrate, a colourless 
gTim is obtained, which is easily decomposed by heat, is deliquescent 
and readily soluble in water. — h. The solution obtained by the action 
of oil of vitriol on cellulose for 12 hours is diluted and saturated 
with chalk ; the solution evaporated in vacuo, gives a pale yellow mass, 
which is decomposed by heat in the same way as the lead-salt. — c. 
Oil of vitriol is allowed to act on cellulose for 24 hours, and the pro- 
duct treated as in h. (Blondeau.) 



Blondeau de Carolles. 

Marcband, 


/ 

^ — 




a. 

b. 

c. 

d. 

C 

27-43 .. 

. 21-62 .... 

13-68 

.... 46-42 

H 

5-16 .. 

. 4-42 ... 

2 82 

.... G-68 

0 

40-82 . 

. 34-49 ... 

, 24-52 

.... 15-34 

SOS 

19-70 .. 

. 28-90 .... 

43*62 

) 

CaO 

6-89 .. 

. 10-57 .... 

. 15-36 

■■■ J 31*56 


100-00 .... 100-00 .... 100-00 .... 100 00 


d. Prepared from paper. — Blondeau de Carolles gives tbe following formulse : for 
fl, C^si^iW2S03Ca,0,2H0; for 5, 0^0^2803, CaO,2HOs for c, CW 0^2803, 
CaO,2HO. According to Marchand, d=C^Br^O%2C&0,SOK 

Ligno-sulpliate of Xmd— Obtained by evaporating* in vacuo the solu- 
tion obtained in the preparation of ligno-sulj^huric acid. — Featheiy 
crystals^ or, when thoroughly dried in vaaio, a white pulverulent mass. 
— Softens at 100°, becomes darker coloured and then golden yellow. 
At a little above 100° it evqjlvcs carbonic oxide and sulphacctic acid, the 
sixongly smelling vapour Of which excites tears. When long boiled 
%ith water, it yields a precipitate of sulphate of lead while grape-sugar 
(whose composition corresponds to the formula and sui- 

phuxic acid remains in solution. — Deliquesces in the air to a thick 
syiuip, and dissolves readily in water. — Chlorine, in aqueous ligno- 
sulpiiate of lead, produces hydrochloric acid, oxide of lead, and a 
peculiar gum, but no sulphate of lead. — Insoluble in alcohol and ethe7\ 
(Blondeau de Carolles.) 

Calculation according to Blondeau de Cai-olles. 


Blondeau de Carolles. 

18 C 108 .... 22-51 .... 21-07 

20 H 20 .... 4*17 .... 4-21 

20 O 100 .... 32-67 .... 32-98 

2 S03 80 .... 16-88 18-63 

PbO 111*7 .... 23*77 .... 23*11 


Ci 8 Hi 8 oi 8 , 280 \PbO, 2 HO 


... 479*7 .... 100-00 .... 100*00 
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2 . Ternitrocellulose. 


Bechamp. W. Ann. Uliim. Phys. 46 , 342; abstr. Compt. rend. 41, 817 ; 

J", Chem, 68, 51. 

Cellulose trinitrique. (B^cliamp,) 

Formation. 1. By the action of alcoholic potash on pyroxylin dis- 
solved in ether-alcohol, whereby two-thirds of the nitrogen separate as 
nitrate of potash. (Bechamp. — Comp. p. 178) — 2. In the preparation of 
gun-cotton with nitric acid of sp. gr. 1-41 — 1*45, the chief product is 
ternitrocellulose; quintonitrocellnlose is also formed when fuming 
nitric is used. (Gladstone, Mem. Chem. Soc. 3, 412.) 

Properties. AVhen freshly precipitated, resembles gelatinous silica ; 
shrinks to an 'amorphous yellowish gum by drying at the common 
temperature or at 100°. Hard and pulverisable. (Bechamp.) 


Gladstone. Beckamp. 

mean, at 100°, 

24 C 144 .... 31-37 .... 30*85 .... 3V01 

3N 42 .... 9-15 .... — .... 9*G0 

17 H 17 .... 3-72 .... 3*70 .... 4*27 

32 0 256 .... 55-76 .... — .... 55*12 


459 .... 100*00 .... .... 100*00 


According to Bechamp, it contains nitric acid as a proximate constituent, See p. 174 

Decompositions. 1. Ternitrocellulose (prepared by process 2) kept 
for some years exposed to lights evolved nitric acid vapours and was 
changed into gum. (Gladstone.) — 2. Not altered at 160°, but 
at 168°, leaving a large residue of charcoal. (Bechamp.) — 
S. Niti'o-sulplmric acid converts the product of process 2 into gun- 
cotton. (Gladstone.) — 4. Dissolved hj hydrochloric acid with 

evolution of chlorine. (Bechamp.) — 5. Sulphuretted hydrogen decom- 
poses the alcoholic solution, precipitating sulphur and afterwards 
flakes containing sulphur, which dissolve in water, are precipitated 
thex~efrom by alcohol, and do not explode by heat. — 6. Aqueous 
ferrous chloride converts it into amorphous cellulose. (Bechamp.) 

Comlinations. Insoluble in ; dissolves readily in fuming 
acid. (Bechamp.) As obtained by process 2, it is soluble in iiitrio 
acid of sp. gr. 1*25—1*5, and in oil of vitriol. (Gladstone.) Dissolves 
easily in fuming hydrochloric cucid^ and is precipitated therefrom by 
w^ater ; also in dilute potash-ley^ whence it is precipitated by acids ; and 
in ’boiling, but not in cold, glacial acetic add. (Bechamp.) 

Amraoniacal sugar of lead throws down a white precipitate from an 
alcoholic solution to which enough water has been added to produce 
incipient tinhidity. (Bechamp.) 

Forms wiili cdcohol a very fluid, easily filtered solution, from which 
water throws down a finely divided precipitate which balls together 
on drying or on addition of ether. (Bechamp.) 
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Soluble in ether. (Bechamp.) Fibrous tcmitrocellulose dissolves 
with difficulty in alcohol^ ethei\ ether-alcohol^ and acetic ether ; powdery 
ternitroceliulose dissolves easily in these liquids, also in glacial acetic 
acid. (Gladstone. ) 


3. Quadrinitrocellulose- 




Beohamp. N-Ann-Uhim. Phys. 37, 207; J. pr. Ohm. 68, IS. — N. 

Ann. Chim. Phys. 46, 347. 

Cellulose tetranifrique. 

, Formation a-nd Pre}mration. The thick solution of pyroxylin in 
40 pts. ether and 15 pts. alcohol of 86 p. c. becomes quite fluid when 
ammonia gas is passed into it for half an hour, and, when then poured 
into a large quantity of water, yields quadrinitrocellulose in the form 
of a white powder. 

Properties. A light, white powder, without taste or smell; be- 
comes electric by friction. When dried over oil of vitriol at 20®, it 
retains 1*73 p. c. water, which goes off slowly at 100® (1 at. 
HO = 1*72 p. c.) 

Bechamp. 

fliflOO®. mean. 


24 C 144 .... 28-07 .... 28-22 

4K 56 .... 10-92 .... 10*78 

17 H 17 .... 3-31 .... 3*57 

37 0 296 .... 57*70 .... 57*43 


C24X4H17021 513 .... 100-00 .... 100-00 


BSchamp gives the rational formula C'2^H^70i7,4]S‘0® (see p. 174) ; the formula 
which contains 1 at. HO less, is also admissible according to his analyses. 

Decompositions. Evolves red vapours when heated in a tube to 
145®— 150°; explodes at 158°, leaving a residue of charcoal. — 
Evolves chlorine in abundance when heated with fuming hydrochloric 
mid. — Remains apparently unchanged by nit7'o-sulpliunc acid ; dissolves 
in fuming nitiic acid^ and is precipitated therefrom (perhaps as quin- 
quenitrocellulose) by water. Slowly converted by sidplmretted hy- 
drogen in an ether-alcoholic solution, into the same products as ternitro- 
cellulose. — Converted by ferrous chloride into amorphous cellulose. — 
Insoluble in dilute potash-ley; dissolves with decomposition in strong 
ley : acids precipitate ternitroceliulose from the solution. 

Insoluble in water ; dissolves slowly, without evolution of gas, in 
oil of vitriol. Insoluble in glacial acetic acid either cold or warm. Does 
not dissolve in either alcohol or but dissolves very easily in ether- 
alcohol; water throws down from the solution flocks which do not ball 
together. 
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4. Pyroxylin. 

Otto (1846). Avgih. AUff. Zdinng, vom 5 OciSr. 1856; J. pr. Chen. 

40, 193 ; alDstr. Compt, rend, 23, 807. 

SciioNBEm & Bottgek. AUg, Zeitung. 1847, Nro, 3, Beihge^ 21 ; Pogg. 

70, 320 ; Coinpt, rend, 23, 678. 

Dtjiias. Co7n2)t, rend. 23, 806 and 983. 

ScHoisTBEiN. Bill, wiive^^s. [4] 3, 18; Ann, des Scienc. gdiys, natur, 4, 20 
and 28- 

Pelottze. Compt, j^end. 23, 809, 838, 861, 892 and 1020. — Goi^xpt, wnd, 
24, 2 ; J, pr. CJiem, 40, 414. 

Ejs^op. Compt, rend. 23, 808. 

Ateros. Compt. 7'e7id. 23, 874; J.jxr. Cliem. 40, 197. 

Fordos & Gtelis. Compt, rend, 23, 982. 

Gatjdin:. Coxnpf, i^end. 23, 980 and 1099 ; abstr. J,pr. Cliem. 40, 418. 
Paten. Co^npt, rend. 23, 999 and 1096. — Compt. rend. 24, 81. 
Gotteeeau. Compt. rend, 23, 1157; abstr. J. j^r. GAm. 40, 418. 
Misnarb & Flores Domonte. Becueil des trav. de la Soc. Pkarm, 1847, 
104; abstr. N. J. Pharm. 12, 159. — Compt rend. 23, 1087. 
— Compt rend. 24, 87 ; abstr. J. pr. Che?n. 40, 421. — Compt rend. 
24, 390, 

VAN l^RCKHOEF. Commit rend, 23, 1140 ; J. pr, Clmn, 40, 284. 

VAN Kerckhoef & Eeuter. j. pr, Chem, 40, 262. 

ScrnriDT & Heckee. J. pr. Chem. 257. 

Peligot. Compt. rend. 23, 1085. 

Be Yrij. Conpt. rend, 24, 19 ; abstr. J.gir. Chem. 40, 420. 

SoBRERO. Coiipt. rend. 24, 247 ; abstr. J. pr, Chem, 40, 421. 

Ransome. Phil, Mag. J, 30, 1. 

PoRRETT k Teschemacher. PMl. Mag. J. 30, 273 ; Mem. Chem. Soc. 
3, 258. 

PoRRETT. Phil. Alag. J. 30, 409 ; Mein, Chem. Soc. 3, 287 ; J, p7\ 
Chem. 41, 208. 

Walter Orem. PML Mag. J. 30, 426 ; J. pr, Chem, 41, 201 ; Amt 
Phai'm, 62, 233. 

Gladstone. Mem. Chem. Soc. 3, 412 ; Phamn. J. Trans. 11, 401. 
Jean. Compt, rend. 24, 1053. 

SouBEiRAN. W, J. Plmrm, 14, 263. 

Bechasip. M. Ann. Chim. Phjs. 37, 207 ; abstr. Comptt rend, 35, 473 ; 
Inst. 1852, 318 ; JS^, J. Phai'm, 22, 440 ; J. pr, Chem. 5^ 15 ; 
Phamn, Ccntr. 1852, 823. — Conpt. rend. 37, 134; Inst 1853, 261; 
J, p7\ Chem. 60, 187; Phai'm. Cenir. 1853, 703. — W. Ann. Chirti. 
Phjs. 46, 338 ; abstr. Compt 7-end. 41, 817; J.pr, Chem. 68, 51. 
Mann. J. pr. Chem, 59, 241. 

Habow. Chem. Soc. Qu. J, 7, 201 ; Clmn. Centr. 1855, 202 ; J, p 7 \ 
Chem. 64, 169. 


Gtm^coiian. — Schiesshaumw&lley Explodirmde Baumwolle. — Pyroxyle (Peloaze), 
Fulmin (Marx), Coton azoiiqite (Gaudin), hypoazotique (Payen), Coton fulminant 
Tissui diolectrique oxplosif (Meynier), Cellulose nit'oe or gientaniirique (Bechamp), 
Poudre-coton, Coton-poudre, Fulmicoton. 

The explosive substances prepared by Pelouze in 1838 {Compt rend, 7, 713 ; 
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J. pr, Chem. 16, 168), by treating cotton-wool, pap'er, and hemp with nitric acid, were 
regarded as identical with xyloi’din, until Schbnbein in 1846 announced the discovery of 
explosive cotton-wool applicable as a substitute for gunpowder. The method of pre- 
paring it, which he kept secret, or at any rate a method which equally yielded pyroxylin, 
was immediately afterwards discovered by Bbttger and by Otto, and published 
by the latter. Knop afterwards advantageously substituted nitro-sulphuric acid for 
the conceptrated nitric acid employed by Otto in the preparation of pyroxylin. 


Pyroxylin prepared according to the methods given below seldom 
consists of a single substance, but is, for the most part, a mixture of 
seveiril compounds, apparently of ter-, quadri-, and qnintonitrocellu- 
lose, the latter of which chiefly prevails, and is perhaps under certain 
conditions obtained by itself. • (Tor details see below.) 

Formation. 1. By treating cotton- wool with filming nitric acid. 
(Otto.) Ter- and 'qninto-nitrocellulose are thus formed. (Gladstone.) — 2. By 
treatment with nitro-sulphnric acid. (Knop.) — 3. By treatment with 
a freshly prepared mixtui'e of saltpetre and oil of vitriol. (Millon & 
Gandin). Pyroxylin prepared according to 2 and 3 consists essen- 
tially of qninto-nitrocellnlose. (Gladstone, Bechamp.) — Paper (Pe- 
loiize), wood, and sawdust are similarly converted into explosive 
compounds by treatment with the above mixtures. (Bley, Compt, 
rend. 23, 809 ; comp, also Bonjean, Compt. rend. 24, 190) j also the epider- 
mis of the cactus. (Payen.) 

In the transformation of cotton into pyroxylin, water is the only 
other product formed. (Pelouzc and others.) 

An explosive substance whose identity with pyroxylin seems 
doubtful (see p. 86 and p. 106) is likewise formed by dissolving' starch 
in nitrosulphuric acid (Be Yrij, Compt. rend. 24, 19), or by dissolving 
xyloidin in nitric acid and precipitating with sulphuric acid. (Cottereau, 
Compt. rend. 24, 205.) 

Preparation. Purified cotton-wool is immersed in an appropriate 
mixture of saltpetre and oil of vitriol, or of nitric acid and oil of vitriol, 
allowed to remain in it a shorter or a longer time according to the 
degree of concenti'ation and the temperature of the mixture, then 
washed, first with rain-water, afterwards with distilled water, till the 
adhering acid is completely removed, and finally dried. For the pre- 
paration of collodion, or pyroxylin soluble in other-alcohol, the acid 
mixtures emplo-yed are different from those used for the preparation of 
explosive pyroxylin, as will he seen from what follows. 

a. To obtain explosive pyroxylin. Purified cotton- wool is immersed in 
a mixture, previously cooled to 10° or 15°, of 1 measure nitric acid of 
sp. gr. 1*45 — 1-60 with 3 measures oil of vitriol of sp. gr. l-SS, and 
the imbibition of the acid is rendered as uniform as possible by stir- 
ring and dividing the wool. The greater part of the acid is removed 
Itom the cotton-wool by pressing it with a pestle j it is then allowed 
to stand for an hour ; washed in a stream of water till all acid reaction 
has disappeared, and finally with a vei’y dilute solution of potash, and 
dried at 65°. (Schonhein, Pingl. 104, 450; Ziek Koppp. Jahreshei*. 
18474848, 1142.) 

5. To obtain pyroxylin soluble in ether-alcohol (collodion-wool). 1 Ounce of 
cotton- wool is plunged into a mixture (which should he prepared 
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immediately before use) of 16 oz. saltpetre, 12 oz. common oil of vitriol, 
and 12 oz. JSTordliausen suiplmric acid ; it is stirred without interriiptioji 
for 5 minutes ; the whole contents of the vessel are then poured into^^a 
large quantity of hot water ; and the cotton is collected, and washed in 
a tin colander till all adhering acid is thoroughly removed. (JV. Br. 
AtcK 104, 274.) If the operation is performed with the foregoing- 
quantities, and the saltpetre thrown cold into the acid, the mixture 
possesses, immediately after being made, a temperature of 68° — ^71°, 
which is the temperature which answers best for the preparation of 
coHodion-wooL 

1. Preliminary treatment of the cotton-wool. The cotton is boiled for 
some hom-s with weah soda-ley, and then well washed with water, 
next with very dilute hydi’ochloric acid, and lastly again with water, 
(van Kerchoff & Eeuter.) Carded cotton is treated successively, at 
the boiling heat, with weak soda-ley, solution of chloride of lime, dilute 
nitric acid, and water. (Walter Crum.) — Schmidt & ITccker chop up 
the cotton-wool till it becomes like cloth-shearers’ dust. Berard^(Pe(^!J. 
Centr, 1858, 892) employs cotton-shearings {Scherfloclcen der BatmivoUe) 
of which the same quantity of acid can moisten a larger quantity than 
of carded cotton. 

2. Processes with nitric add alone. Cleaned cotton- wool dipped for 
half a minute into fuming nitric acid, then immediately into frequently 
renewed water, so as perfectly to remove all adhering acid, and diied, 
is changed into an explosive substance, which explodes under the 
hammer like fulminating- merem-y, and burns away like gunpowder 
when touched with a spark. (Otto, J*. jpr. Chein, 40, 193.) — 100 pts. 
cotton- wool left in contact with nitric acid, whether for a few minutes 
or for several days, yield 168 — 170 pts. pyroxylin. (Pelouze, Compt. 
rend. 23, 892 ; J. pr, Cliern, 40, 200.) 

By dissohung cotton-wool in nitric acid of sp. gr. 1*45 and precipi- 
tating the solution with water, ternitrocellulose is obtained. (Glad- 
stone, (Jhem, Soc, Mem, 3, 412.) 

3. Processes toith mtro-suljyJmric acid, 1 pt. (or more : Knop) fuming 
nitric acid is mixed with 1 pt. oil of vitriol and allowed to stand (at 
least 3 minutes : iwi Kerclchoff 4' Rcutei') a few minutes or longer (Knop). 
For 1 measure oil of vitriol, Pelouze takes 1 measure fuming nitric 
acid ; Walter Crum takes 3 measm-es ; Ransonie, 2 measures ; Mey- 
nier {Compt. rend. 26, 44) f measure. Gaudin immerses the cotton- 
wool for a few seconds ; Meynier and Walter Crum for an hour. — Do 
Vrij mixes the cotton- wool rapidly with nitric acid, warms the mixture 
to 30° or 35°, and precipitates the solution (which is at first thick and 
turbid, but afterwards becomes dear) with oil of vitriol. 

Edwards (/. CJiim. mkl. 25, 54) prepares collodion-wool with equal 
measures of oil of vitriol and of nitric acid of sp. gr. 1*52, allowing the 
mixtui-e to act for 1 minute ; Hadow uses 104 pts. oil of vitriol of sp. 
gr. 1*833 and 89 pts. nitric acid of sp. gr. 1*424, and operates at 55°. 

If the acids are either too concentrated or too dilute, they do not give 
soluble collodion-wool ; the following are, however, good proportions : 
— 13 pts. siilphm-ic acid of sp. gi*. 1*632, 12 pts. nitric acid of sp. gr. 
1*5 12-1*5 18, and 1 pt. cotton-wool ; or, 45 pts. sulphuric acid of 
sp. gr. 1*75, 12 pts. nitric acid of sp. gr. 1*512-1*518, and 1 pt. cotton- 
wool. The nhxtiire is cooled to 6°, the cotton- wool stirred in, and thb 
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whole allowed to stand for 24 hours in a covered vessel at 
At 40°-50°5 one hour suffices for the action, the coliodion-wool 
obtained is not however always equally good. Collodion-wool which 
has been rendered insoluble by using too strong sulphuric acid may be 
made soluble by treatment with the proper mixture of acids; and, 
inversely, soluble collodion-wool can be rendered insoluble by very 
concentrated acids. (Mann.) 

Hadow added to a mixture of 1 at. nitric acid (NO®, HO), with 2 at. 
sulphuric acid (SO®, HO), quantities of water increasing from 1 to 5 
atoms, and obtained with the resulting liquids pyroxylin of variable 
properties. 100 pts. cotton-wool, dried at 100°, were converted, by 
several hours’ action of the mixture NO®,HO 4-2(80®, HO) -{-HO, into 
177 pts. pyroxylin (weighed after drying in vacuo over oil of vitriol), 
which was insoluble in ether-alcohol. 100 pts. cotton-wool acted on 
by the mixture NO®,HO + 2(SO®,HO)4-2HO became 176 pts. pyi’oxylm, 
and with the mixture NO®,HO -1-2(80®, HO) 4-3110, 171*7 pts. pyroxylin, 
like the first, nearly insoluble. Mixtures of nitric and sulpliuric acid in 
the above proportions, but containing 3|, 3|, 4, and 5 atoms water- 
yielded respectively 166*4, 160*5, 157, and 140 pts. of a product soluble 
in ether-alcohol, but repetition of the experiments did not give exactly 
the same results. At 15°, the mixture NO®,H04-2(SO®HO)4-3HO 
gave a product soluble in ether-alcohol; at 55°, a product insoluble 
in ether- alcohol. Mixtures containing more water yielded soluble pro- 
ducts at both temperatures ; but the pyroxylin prepared at a low 
temperature formed thick, glutinous solutions; that prepared at a 
higher temperature perfectly fluid solutions. (Hadow.) 

When the acid mixture is saturated with hyponitric acid, it attacks 
the cotton- wool more violently ; but yields a slightly explosive pro- 
duct, which dissolves in ether-alcohol ; whereas nitro-sulphurio acid, 
containing no hyponitric acid, yields a large quantity of highly explo- 
sive pyroxylin. (Pelouze, Compt mid, 24, 86.) 

c- Processes ivith saltpetre and oil of vitriol. All these processes aim at the 
production of collodion-wool. — Mialhe [W, J, Pharm, 24, 263) employs, for 
1 pt. cotton- wool, 20 pts. diy saltpetre and 30 pts. fuming sulphuric 
acid, and allows the action to go on for 3 minutes. Livonius {N. J, 
Pharm, 16, 122) and Magnes-Lahens J. Pharm. 16, 353) operate 
in the same way, but employ common oil of Autriol and allow the 
action to continue for 5 minutes. 

Mann recommends as the best mixture 20 pts. saltpetre, and 31 pts. 
oil of vitriol of sp. gr. 1*83 to 1*835; he allows the mixture to cool to 
below 50°, and then lets 1 pt. cotton-wool lie in it for 24 hours at 28° 
of 30°. If the cotton -wool remains for 5 or 6 days in the mixture, at 
about 30°, the product is all the better; if the action is only continued 
for 16 or 20 minutes the product is imperfect. He also obtained good 
collodion-wool with the following mixtures : 1 pt. cotton-wool to 
10 pts. saltpetre and 33 pts. sulphuric acid of sp. gr. 1*80; 1 pt. 
Cotton- wool to 17 pts. nitrate of soda and 68 pts. sulphuric acid of 
sp. gr. 1*79, or to 34 pts. nitrate of soda and 66 pts. sulphuric acid of 
sp. gr. 1*80. When nitrate of soda is used, the acid mixture is allowed 
to stand 24 hours before the cotton-wool is put into it ; the cotton- 
wool is then left in it for 5 days at 30°. 

According to Legi'ay {Gerhardt^ Trait Sy 2, 509) excellent collodion 
for photographic purposes, and completely soluble in ether, is obtained 
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by operatiBg as follows : — 80 grammes powdered nitrate of potash is 
placed in a capacious dish, 120 grammes concentrated snlphnric acid is 
poured upon it, and the whole well mixed ; 4 grammes cotton-wool is 
then added and stirred about in the mixture for 10 minutes, after 
which it is taken out and thoroughly washed with water ; the product 
is injured by allowing it to remain in the acid for a longer time. 

In order to obtain soluble collodion-wool with a mixture of 2 pts. 
saltpetre and 3 pts. oil of yitriol, the cotton-wool should be dipped 
into the mixture while it is still warm from the heat produced in the 
reaction, not after it has cooled. (Bechamp.) The following experiments 
confirm this statement, hut according to the results obtained by Mann, it appears that, 
■when less concentrated sulphuric acid is employed, long continuance of the action pro- 
duces the same result as an increase of temperature. [Kr.j See also Hadow, p. 

1 oz. cotton-wool, immersed in a mixture or 16 oz. dried saltpetre 
and 24 oz. Nordhausen sulphuric acid at 81°, yields 127 p. c. pyroxylin, 
insoluble in ether, and but slightly explosive. 

With common sulphuric acid, instead of Nordhausen acid, 109 p. c. 
pyroxylin, of similar properties, is obtained by 10 minutes’ action at 
56°, 102 p. c. by ^ hour’s action (or, with constant stirring, 108 p. c. 
explosive, partially soluble pyroxylin), and only 36 p. c. by 1 hour’s 
action. On the other hand the mixture of 16 oz. saltpetre, 12 oz. 
Nordhausen acid, and 12 oz. common sulphuric acid, mentioned at 
p. 169, yields with 1 oz. cotton-wool, at 68°-71°, 123 p. c. soluble 
collodion-wool in 3 to 4 minutes, hut only 102 p. c. in 20 to 25 minutes. 
Insoluble collodion can also be rendered soluble by treatment with 
this mixture. 

Pyi'oxylin soluble in alcohol may he obtained by immersing 
cotton-wool in a mixtiue of 4 pts. by weight of sulphuric acid of sp. gr. 
1*84 and 3 pts. nitric acid of sp. gr. 1*40 ; decanting the acid after 
five minutes’ immersion ; pouring the pyroxylin into a bucket of water j 
agitating it, with frequent renewal of the water ; leaving it immersed 
over night ; repeating the washings in the morning ; and then spread- 
ing it out on a table to dry. The washing must be performed with 
care, as the pyroxylin is of pulverulent texture, and is easily washed 
away. The strength of the acids used in the preparation is of especial 
importance ; if they are too weak, the cotton dissolves ; if too strong, 
the pyroxylin produced is insoluble in alcohol. (Sutton, Eq). Chim, 
aj)p. 4, 145). 

100 pts. cotton-wool yield 154 pts. pyroxylin (Tcschcmachcr 
, Porrett) ; 169 pts. (Teschcmacher) ; 177*9 pts. (Walter Crum) ; 150- 
170 pts. (Fehling) ; 168-170 pts. (Pelouze ; 100 pts. Swedish paper 
yield 175 pts. pyroxylin: Pelouze); 169 pts. (Hecker & Schmidt); 
176-2 pts. (van Kerckhoff & Eeuter); 173-175*2 pts. according to 
Schonbein’s process (Gladstone, Lieh Kopp, Jahresber, 1847-1848, 
1137); 164*1 pts. (Eansome); 142-175 pts., varying according to the 
quantity and dcgi’ee of concentration of the acids (Gladstone); 
201*5 pts. (Soubrisscau.) 

Properties, Pyroxylin prepared from cotton-wool retains the exter- 
nal properties of the wool, but is usually somewhat harsher to the 
touch . It has neither taste nor smell, and is neutral to moistened litmus- 
paper. — By friction it beconaes more strongly electric than cat’s skin ; 
it crackles, yields sparks, and is phosphorescent in the dark. (Gaiffc, 
Co7npL rend, 24, 88.) The fibres of pyimyliix seen under the micro- 
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scope, by polarised light, exhibit very little brightness, and scarcely 
any play of colours ; whereas the fibres of common cotton-wool appear 
bright and show a beautiful play of colours in the d imm est light. 
(Kindt, Fogg, 70, 168.) 

Calculatiotis, 
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Sclionbein & Bottger investigated pyroxylin whicli had been dissolved in acetic etlier ; 
Domonte & Menard pyroxylin insoluble («) and (h) soluble in etber-alcoliolj Eoser S4 
Krauss analysed air-dried pyroxylin 5 v. KerchhofF & Eeuter dried theirs in vacuo; 
Pelouze, his at 40° — 55° ; Schmidt & Hecher, theirs at 90° — 100°. 

The formulae «, 5, c, represent pyroxylin as cellulose which has taken up 3, 4, or 5 
at. nitric acid, with elimination of as many atoms of water. If for the purpose of com- 
paring the different formulse, w-e disregard for the moment whether the various authors 
have represented pyroxylin with or with and as containing or NO® as a 
proximate constituent, the various formulae wliich have been proposed may be written 
thus: (Peligot.), (Schmidt & Hecker.), (van 

Kerckhoff & Reuter.), (Porrett&Teschemacher,), C*’*H*^X®0'-® (Pelouze). 

The formula a was proposed hy Gerhardt (TVflsiJfe, 2, 504) for the product examined by 
Domonte & Menard ; the formula b was proposed by Gladstone; formula c, by Walter 
Crum. According to Gei-hardt, the last formula represents' the composition of the pro- 
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ducts examined by Gladstone, Pelouze, Schmidt and Hecker, and van KerckliofT & 
Eeuter. The formula d, first proposed by Pelouze, is also adopted by Bechamp ; this 
chemist obtained from pyroxylin on an average 56*77 p.c. cotton- wool (calc. 57*14 p.c.) 
See also below. 

Pehling gives the formula C-^H20O20,4NO5, according to which the formation of 
pyroxylin must be supposed to be accompanied by elimination of w*aterfrom the nitric 
acid only, at least for the product examined by Poser & Krauss. The rapid dilution of 
the acids used for preparing pyroxylin is in opposition to this view. Schbnbein & 
Bottger’s formula, is inadmissible, seeing that no second carbonised product 

is formed. Ransome's formula, which involves the elimination of 

hydrogen, is equally inadmissible. Pettenkofer's formula, C^-I'FO^^^jNO^ is founded 
upon an incorrect nitrogen -determination. For Porrett's adventurous views see Metit. 
Chem. Soc. 3, 287 j Phil. Maff. 30, 273 ; J.pr. Chem. 41, 208. 

Domonte & Menard assign the formula to that portion of pyroxylin 

which is soluble in ether, and the formula to the insoluble portion ; the 

former in their glucose sexuitrique, the latter their lignemn (juadrmilriqua. Gaudin 
{Compi. rend. 23, 10119) distinguishes the soluble portion as Uherziline* 


According to Hadow, tlie action of nitrosnlplmric acid on cotton- 
wool produces mainly three distinct products : 

a. or Obtained, in the proportion of 

181*34 pts. (calcul. 183*3 pts.) from 100 pts. cotton- wool, by repeated 
immersion in a mixture of 1 at. nitric acid (II0,N0^), 2 at. oil of vitriol, 
and 3 at. water. Insoluble in ether-alcohol ; soluHe in acetic ether. 
Yields, when decomposed by sulphydrate of potassium, 54*6 to 55*2 
p. c, cotton-wool (calcul. 54*54 p. c.) and 44*07 p. c. hyponitric acid 
(XO^) after deducting the corresponding quantity of hydrogen (calcul. 
45*46 p. c.). 

h. Obtained in the same way as a, when the acid niix- 

tae contains \ at. more water, 100 pts. cotton-wool yielding 171*4 pts. 
of this compound (calcul. 174 pts.). Soluble in ether-alcohol ; insolu- 
ble in acetic acid. Treated in the same manner as a, it yields 57*56 
to 58*34 p. c. cotton-wool (calcul. 57*45 p. c.). 

c, The mixture employed for the preparation of a 

yields, when 1 at. water has been added to it (making 4 at. water in 
all), 164 p. c. of this substance (calcul. 164*8 p. c.). Soluble in ether 
and in glacial acetic acid. Gives by decomposition 60*66 p. c. cotton- 
wool (calcul. 60*67 p. c.). (Iladow.) 

According to the views of most chemists, the nitrogen of pyroxylin 
is contained in the form of X (see vii. 73) replacing hydrogen ; 
according to Bechamp (who has further extended the view previously 
propounded by Pelouze, Gottereau, and Walter Grum) it exists in the 
form of nitric acid (NO®). According to the foimer view, pyroxylin is 
comparable with nitrobenzoic acid, nitrobenzene, &c.; according to 
Bechamp’s view, it is comparable with nitric ether (viii. 475). The fol- 
lowing decompositions are favourable to the latter view : 1. Alkalis 
and reducing agents transform nitro-compounds into new substances 
containing nitrogen, but from pyroxylin they regenerate the original 
non-niti*ogenous cotton-wool, just as they regenerate alcohol from 
nitric ether. (Bechamp.) — 2. Pyroxylin behaves like a nitrate, not 
like a nitro-compound, wdth protosulphate of non. (Gottereau, Compt 
rend. 23, 1157.) — 3. Pyroxylin, decomposed over meiwy by oil of 
vitriol, behaves like a nitrate, giving off the whole of its nitrogen in 
the form of nitric oxide. (Walter Crum.) 
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Decompositions. 1. Under certain conditions wliicli are not accurately 
known, and do not always occur, pyroxyKn undergoes spontaneovs de- 
composition^ wliicli is either accompanied by ignition and explosion, or 
takes place more slowly, unaccompanied by these phenomena. 

On the 17th July, 1818, the explosion of 1,600 kilogrammes of gun- 
cotton, for which no cause could be ascertained, completely destroyed 
the manufactory at Bouchet. Walls, from metre to 1 metre in 
thickness, were literally broken to powder from top to bottom, and 
the heawGSt articles were hurled to gi'eat distances. {Comp)t. rend. 
28, 345.) Similar explosions have taken place at Hartford, in Saxony, 
and at various other places. An explosion of pyroxylin took place in 
a magazine near Yinceimes, which no one had entered for several clays 
previously. {Eandivorterh. 6, 723.) 

Pyi’oxylin stowed away in casks in a dry place evolved a choking 
smell after 3|- to 9 months, contained formic acid, and as much as 11*5 
p. c. water ; probably because the snlphmic acid cannot be thoroughly 
removed by washing with water, and then causes decomposition to set 
in. — Pyroxylin, stored up in Glashaven, decomposed with evolution of 
gas, blowing out the stoppers of the bottles, and ieavmg as residue a 
soft white mass, which continued to evolve nitric oxide. (Maiirey, 
Compt, rend. 28, 344.J — Pyroxylin, prepared in 1847, crumbled to 
powder with evolution of red fumes, after some time ; after 12 years, 
the residue had deliquesced to a gum containing crystals of oxalic 
acid. (Hofmann, Ann. Pharm 115, 283.) — A woven fabric, "which had 
been converted into p;>Toxylin, evolved red vapours, after 3 years ; after 
being then washed, it was less inflammable; and, when dried at 110°, 
contained 81*25 p. c. 0., 4*08 p. c. H., and 7*88 p. c. N. (Kuhlmann 
& Wurtz, Compt. rend. 42, 676.) 

2. Pyroxylin prepared with nitric acid explodes, like fulminating 
niercmy, when struch upon an anvil with a hammer. (Otto.) Mode- 
rately strong strokes of a hammer upon pyroxylin cause it to fly to 
dust with a loud report but without flame. (Schonbein & Bottger.) 
Pyroxylin does not take fii*e when rubbed in a mortar with hard soda- 
glass. In other cases, pyroxylin takes fire by friction only when the 
heat produced is sufiicient to make it do so. (Schonbein & Bottger.) 

3. Pjrroxyhn is not decomposed, or only with difficulty, by the..; 
electnc current But if pyroxylin moistened with glacial acetic acid is I 
placed between a silver and a zinc plate, connected by a copper wii*e, ' 
and allowed to remain for eight hours, a small quantity of substance I 
is deposited on the silver plate, which, when dry, is white, has the i 
appearance of starch, and blues litmus. (Porrett.) 

4. By contact with a glowing match it takes fire and hirns away 
instantaneously, like gunpowder. When tvarmed by itself, it either 
takes fire and explodes, or, when heated more slowly, is gradually 
decomposed with inflammation. 

Pyroxylin may be exploded by touching it with a spark, when laid 
on the pahn of the hand without causing pain, and when laid on a 
heap 'of gunpowder without setting fire to the latter. (Khiop.) — - 
Pyroxylin heated iir an oil-bath does not take fire 130° ; at 150°, it 
takes fire in 12 minutes ; at 170°, in ^ minute ; at 200°, in 12 seconds ; 
at 230°, instantly, leaving no residue. (Schonbein & Bottger.) 
Payen observed the inflammation of pyi-oxylin, in a stream of heated 
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air, at 25 '‘-30° ; Piobert, at 70°-80°. When heated in the air it takes 
fire at 175°-180° (Peloiize); at 188°. (Gladstone.)^ Pyroxylin pre- 
pared from carded cotton- wool does not take fire below 200°. 
(Payen.) 

Pyroxylin placed at the bottom of a tube heated to 200°, whose 
temperature is gradnally falling, still explodes at 138°, but not at lower 
temperatures. If the tube is quickly heated, so that the temperature 
rises 12*5° in a minute, the pyroxylin explodes sometimes at 62*5° ; 
generally in from 2 to 5 minutes at 95°. (Marx, Pogg. 78, 100.) 

Pyroxylin when slowly heated gives off a smell of nitrous acid at 
100° ; loses 10 p. c. of its weight in an hour between 100° and 
110° ; becomes yellow and pulverizable, and then sometimes takes fire 
suddenly. (Pelonze.) Pyroxylin enclosed in glass tubes takes fire at 
132° when quickly heated in an oil-bath; vdien slowly heated, not 
even at 180° or 200°. (van Kerckhoff.) If pyroxylin is heated 
slowly, so that the temperature rises 6*25° in a minute, it begins to 
evolve acid vaj)om's at 69°, and then explodes with much less vio- 
lence when fighted ; at 150°, it scarcely explodes at all, and if kept 
for an hour at 137° it becomes yellowish brown, afterwards darker, 
and is at last converted into a black tissue which no longer explodes 
in the flame. (Mai-x.) Piobert and van Kercklioff obtained similar 
results by slow heating. 

The gases produced by the explosion of pyroxylin consist of 
nitrogen, carbonic acid, carbonic oxide, steam, nitrous acid or nitric 
oxide, hydrocarbons, ammonia, hydrocyanic acid or cyanogen ; some 
of these gases are probably only formed under particular circum- 
stances. 

1 gramme pyroxylin, prepared with nitrosulphuric acid, yielded, on 
explosion in the vacuum of the barometer, 588 c. c. gas, measured at 
0° and 7 60 mm. pressm’e. This gas contained, in 100 pts., 4'0 pts. 
nitrogen, 17*2 nitric oxide, 37*6 carbonic oxide, 20*8 carbonic acid, 4*6 
carburetted hydrogen, and 15*8 steam. (Schmidt & Hccker.) Porrett 
& Teschemacher obtained, from 1 gramme pyroxylin, 483 c. c, gas, 
containing, in 100 pts., 7T4 pts. nitrogen, 35*72 nitric oxide, 35*72 
carbonic oxide, 14*28 carbonic acid, and 7*14 cyanog’en. Pordos & Gelis 
{Compt rend, 23, 982) always found cyanogen or hydi'ocyanic acid, 
whether the explosion took place slowly or all at once, but ammonia 
only in small quantity. — The projectile force of ])yroxylin exploded in 
fire-arms or in mines, is from If to 6 times as great as that of gun- 
powder ; the explosion takes place, however, too instantaneously, so 
that fii'e-arms are soon rendered useless, and frequently htn*st, by the 
employment of pyroxylin. 

5. Pyroxylin moistened with moderately hot steam, and heated to 
100°, evolves, sometimes more, sometimes less, nitric acid vapour, 
afterwards hyponitric acid vapour, and when coloured vapours are no 
longer given off, is found to have lost from 24*2 to 29*3 p. c. of its 
weight ; it is thus converted into typhoxylin, or similar compounds, 
produced from pyroxylin by fixation of water and elimination of nitric 
(or hyponitric) acid, (van Kerckhoif & Eenter.) if tte red fumes are too 
rapidly evolved, explosion may occur. 

a. van KerckhofE & Eeuter’s Typhoxylin. — If the loss 

of weight by the pyroxylin amounts to 27 p. c., the residue, when dried 
in vacuo, contains on the average 33*49 p. c. 0., 3*91 p. c. H., and 
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6*66 p. c. N. (calculation, 33*64 p. c. C., 3*73 p. c. H., 6*54 p. c. K) ; 
it lias therefore been formed by the fixation of 3 at. water, and elimi- 
nation of 4 at. hyponitric acid: 4-4X01 

This ty^ihoxylin has the appearance of pyroxylin, it is veiy easily 
powdered, pure white, becomes brown at 150°, more rapidly at 170°, 
and explodes when quickly heated, evolving nitric oxide and combus- 
tible gases. It is insoluble in cold nitric acid, dissolves slowly in warm 
nitric acid, easily in cold snlphnric acid and evolves gas when wanned 
therewith. Cold potash-ley dissolves it with yellow-brown colour, 
sugar of lead causes a precipitate in this solution. Ammonia and 
baryta-water colour t^yhoxylin light brown. It is only imperfectly 
soluble in ether or in acetic ether. 

5. "When the loss of weight amounts to 24*2 — 24*9 
p. c. (calcuL 25*3 p. c.), the residue contains, on an average, 32*87 
p. c. G., 3*92 p. c. H. (calculation, 32*95 p. c. C., 3*88 p. c. H.), it is 
accordingly produced by fixation of 4 at. water and elimination of 4 at. 
hyponitric acid. 

c. and d. The former compound is con- 

tained in the residue when the loss of weight amounts to about 30 p. c. 
(calc. 30*8 p. c.), and contains 35*78 p. c. (j., and 4*68 p. c. H. (calcula- 
tion, 35*55 p. c. 0., and 4*20 p. c. H.). The latter compound contains, 
on an average, 34*61 p. c. C., and 4*30 p. c. H. (calculation, 34*78 p. c. 0., 
and 4*34 p. c. H.) They are formed from pyroxylin by fixation, the 
former of 4 at., the latter of 5 at. water, and elimination of 4 at. nitric 
acid, (van Kerckhofi & Eenter.) 

6. Pyroxylin moistened with Uniodide of potassium (solution of iodine 
in aqueous iodide of potassium), and afterwards with a mixture of 1 pt. 
oil of vitriol and 4 pts, water, becomes yellow after some time, whereas 
unaltered cotton-wool is coloured blue. (Kindt, Pogd- 70, 168.) 

7. Pyroxylin dissolves in concentrated mtncacid at 80° or 90°, and 
is precipitated almost comj^letely by oh of vitiiol in white amorphous 
flocks, otherwise imchanged ; water precipitates it in bitter, white 
flocks, soluble in alcohol and in a large quantity of water, which burn 
more slowly than pyroxylin and leave charcoal. (De Yrij, Compf. rend^ 
24, 19.) 

Pyroxylin is dissolved between 38° and 67° when warmed with 
20 pts. nitric acid of sp. gT. 1*45 : water added to the solution precipi- 
tates it unchanged, except that it has lost its organised structure. 
The nitric" acid solution evolves abundance of red fumes if heated 
to 113°, and, when afterwards nexitrahsed with carbonate and bicar- 
bonate of potash, yields a whitish grey precipitate. (Porrett.) 

8. It dissolves less readily than cotton-wool in cold oil of vitriol, more 
easily in sulphuric acid of sp. gr. 1*5 — 1*7. The solution evolves car- 
bonic acid and nitrous gas at 100°, and does not become brown till 
more strongly heated (van Kerckhoff & Reuter), not even when boiled. 
(Gladstone.) TLe solution of cotton-wool in oil of Titriol becomes brown at 90® 
without e?olving gas. 

Bihydrated sulphuric acid neither dissolves pyroxylm nor becomes 
heated in contact with it, but soon evolves a smell of nitric acid. If 
water is added after 24 hpurs, the mixture filtered, and the filtrate 
VOL. XT. N 
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distilled, nitric acid passes over, and, when the resichie in the retort 
gets more concentrated, red fumes are given off. (Bechamp, N', Ann. 
Chem. Fhjs. 46, 858). 

9. Hot hjdrocldoric ac/f? dissolves it with decomposition. (Bechamp.) 

10. Moist sulphurous acid does not decompose it even on heating. 
(Bechamp.) — 11. Hot altered by sulplim'etted hjchvgm passed into its 
solution in ether- alcohol. (Bechamp.) 

12. Pyroxylin moistened with water, or dissolved in ether-alcohol, 
is decomposed by gaseous cmimonia into nitrate of ammonia and 
quadrinitrocellulose. (Bechamp.) The action of an excess of ammonia 
aided by heat, on pyroxylin moistened with water, yields a brown mass 
devoid of structure. (Bechamp.) 

13. Pyroxylin is decomposed when heated with aqueous hydrosuU 
phate of ammonia^ and when washed and dried, no longer explodes by 
heat. (Pettenkofer, Marx.) If ammonia is passed into a solution of 
pyroxylin in ether- alcohol until it becomes perfectly fluid, and then 
sulphuretted hydrogen, a yellow precipitate containing sulphur is pro- 
duced, which is insoluble in alcohol of 90 p. c., hut partially soluble in 
water. (Bechamp.) 

14. Moderately concentrated potash- or soda-ley dissolves pyroxylin 
slowly at the common temperatme, more quickly between 60° and 80°, 
with formation of nitrates. 

а. If the solution is filtered before all the pyroxylin is dissolved, 
and precipitated vdtli dilute acid, a gelatinous precipitate is produced, 
probably containing qiiadri- or ter-nitroccllniose, wdiich bnrns when dry, 
hut leaves a large quantity of charcoal and is soluble in boiling alcohol, 
or in cold ether-alcohol. The solution may be diluted with a considerable 
quantity of water without becoming turbid ; with ammoniacal acetate 
of lead, it produces a bulky precipitate. (Bechamp.) 

б. The alkaline solution of pyroxylin becomes brown at 50° or 60°, 
and is then no longer precipitated by acids. If the solution is neu- 
tralised, shortly before this point, with dilute sulphuric acid, it leaves 
on evaporation a mixture of nitrate, nitrite, and sulphate of potash, 
with sugar, -which last is converted, by further action of alkali, into 
glucic and apoglucic acids. (Bechamp.) 

c. If the solution of pyroxylin in ether-alcohol is mixed with as 
much alcoholic potash as is required to neutralise the nitric acid, it 
solidifies to a jelly, and addition of water causes a pitch-like substance 
to separate, while scarcely any organic matter remains dissolved in the 
supernatant ether-alcohol. The pitch-like mass containing potash, 
when dissolved in water, yields a gelatinous precipitate of teimitro- 
celhilose on addition of acetic acid. 5N0® + 2KO, HO = 

02421*^0% 3NO® + 2KO,NO= + 2HO. (Bechamp.) 

According to van Kerckhoff (/- pr. Chem. 40, 284) an excess of 
moderately concentrated solution of potash dissolves pyroxylin by 
long standing in the cold, with phenomena of decomposition different 
from those produced when it is heated with a smaller excess of potash. 
The alkaline solution contains nitrite and a small quantity of carbonate 
of potash, and yields a pale yellow precipitate with acetate of lead 
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after sapersaturation with acetic acid, and a farther precipitate on the 
sahseqaent addition of basic acetate of lead. The first precipitate 
had, in one experimemt, the composition of citrate of lead, hat in 
another it yielded, by decomposition with salpharetted hydrogen, an 
acid of the composition of tartrelic acid (x, 834). The precipitate pro- 
daced by basic acetate of lead contained 7PbO (tartet'saures 

Bleioxyd^ therefore : van Kerckhoff). Hadow observed the evolution 
of ammonia on warming pyroxylin with potash-ley. In the cold there 
is slowly formed, without evolution of gas, a brown solution which 
reduces silver- sahs and contains oxalic, nitrous, and nitric acid, to- 
gether with a peculiar acid, Hadow’s pyroxylic add, which agrees in 
its properties to some extent with saccharic acid. — The alkaline solu- 
tion of pyroxylin precipitates ’ silver from an ammoniacal solution of 
silver, as a mirror on the sides of the vessel. (Yohl, Dingl. 112, 237). 

15. Pyroxlin is completely converted into cotton-wool by alcoholic 
of Iiydrosulphate oj potassium in the course of 24 hom’s. (Hadow, comp, 
p. 174). 

16. A concentrated watery solution of protocMoride of iron in excess 
acts upon pyroxylin, slowly in the cold, more quickly when heated, 
transforming it into ordinary cotton- wool. Ferrous acetate acts in the 
same way, but converts the nitrogen of the p^TOxyfin into ammonia, 
(Bechamp.) The regenerated cotton-wool has the composition and 
all the properties of the original cotton- wool, and may be again con- 
verted into pyroxylin and reduced a second time. (Bechamp, comp, also 
p. 173.) 

17. Pyroxylin evolves all its nitrogen, in the form of nitric oxide, by 
contact with oil of vitriol and metallic met'cury, (Crum.) 

18. It is decomposed by boiling aqueous permanganate of potash with 
formation of nitric acid. (Oioez & Buignet, Compt rend, 47, 172 ; 
pr, Chem. 76, 501.) 

19. With €07n?non c€mipho7\ fat oils, max, or resins, pyroxylin forms 
dark brown solutions, which give off nitrous add, (Hartig, Unter’^ 
suchmgen iiher Schiessbaumwolle, Braunschweig, 1847.) 

Comlimtions. Pyroxylin is insoluble in water, and remains un- 
changed when boiled with water for a long time. (Pelouze.) After 
being kept for 5 weeks under water, it is found to be unaltered on dry- 
ing (De Vlij ; for decomposition by heating with steam, see p. 176). 

It absorbs fluoiide of boron without change of colour or loss of 
inflammability. If it contains unaltered cotton-wool, it explodes 
by contact with fluoride of boron. (Berthelot, Ah A?m. Ckim, Phys, 
38, 58.) 

Insoluble in aqueous cupramnionia, (Schlossberger, J, pr, Ghem, 
78, 573.) 

Insoluble in glacial acetic acid. (Schonbein & Bottger,-De Vnj.) 
Pyroxylin, prepared with nitrosulphuric acid diluted to a certain point, 
dissolves in glacial acetic acid. (Hadow ; see p, 173.) — Forms, with 
acetone, a transparent jelly, which is curdled by water. With a large 
quantity of acetone, it forms a perfect solution. (Be Vrij.) — Insolu- 
ble in chloroform, (Magnes-Lahens, Ah J, P^am. 16, 353. — Lepage, 
J, Ghm, mM, 25, 147.) 
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Bissolves in ivood-spirit (Plessy & Scliiitzenberger, IluIJiouse Soc, 
BnU, 25, 187; Dmgl. 131, 358.) — Insoluble in alcohol; slightly soluble 
in alcohol of 40°, according to Magnes-Lahens. — Vohl {Ann. Pharm. 
70, 360) boiled pyroxyhn, prepared by means of nitrosulphuric acid and 
insoluble in ether, for several hours with absolute alcohol, whereby it 
became soluble in ether. The alcohol had then in solution a substance 
wdiicb was deposited, on evaporation, in granular crystals, and pos- 
sessed the following properties. It melted to an oil at 70° and solidi- 
fied hi the crystalline state on cooling ; exploded under the hammer, or 
when heated to 140° or 150° ; and was obtained from solution m 
alcohol as a tough resin which gave off alcohol when ^heated with 
■water. It dissolved in ether, only when it had absorbed alcohol ; it 
was no longer soluble when freed from alcohol by precipitation from its 
alcoholic solution by water and boihng with water for several days. 
It dissolved in oil of vitriol, being reprecipitated by water ; and in 
very strong' boiling potash-ley, with evolution of ammonia. Its 
potash-solution reduced silver from an ammoniacal silver- solution. 
Hence Yolil assumes that alcohol extracts from pyroxyhn a substance 
which incrusts the fibres, and so makes the residue soluble in ether. 

Pyroxylin is insoluble in ether. With eiJier-alcohol it fonns, 
according to its mode of preparation, sometimes a thick, viscid 
solution, sometimes a perfectly fluid one, and sometimes does not dis- 
solve at all (comp. p. 170> 

The solubihty of pyroxylin was discovered by PI. Domonte & Me- 
nard, and nearly at the same time by Meynard & Begelow. The re- 
sulting solution, collodiojiy leaves the pyroxyhn on spontaneous 
evaporation as a translucent, tenacious film {collodion-filni) impervious 
to water. 

To prepare collodion, Soubeiran {N. J. Pharm. 14, 263) shakes 
pyi’oxyhn for a few minutes with 16 pts. ether and adds 1 pt. alcohol ; 
Livonius (jY. J. Pharm. 16, 122) employs 22 pts. ether and 4 pts. 
alcohol; Edwards, commercial ether of sp. gr. 0*7 to 0*76 ; Lassaigno 
J. Chmi. med. 24, 541), 20 pts. ether and 1 pt. alcohol of 90 p. c. — 
Berard {Pohjt. Centr. 1858, 892) obtains dry, transparent, and durable 
collodion by digesting pyroxylin for a long time with warm ether- 
alcohol, decanting the clear solution . after ahowmg it to settle, and 
distilling off the ether. The residue is completely soluble in ether- 
alcohol, and is not subject to spontaneous decomposition. 

Collodion-film is inflammable. (Soubrisseau, M. J. Pharm. 14, 47.) 
Tbe residue left by the evaporation of collodion gives off red fumes on 
drying (Domonte & Menard), and sometimes explodes with violence 
at about 115° {Compt. rend. 23, 1088). A large quantity of water pre- 
cipitates frona the solution inflammable flocks of pyroxyhn devoid of 
organised structure. (Domonte & Menard, Magnes-Lahens.) The 
residue left by the evaporation of collodion is insoluble in w' ater and in 
aqueous cuprammonia. (Schiossherger, J. pr. Chem. 73, 373.) Collo- 
dion does not become turbid when mixed with alcohol or ether (Mann), 
but solidifies after a time to a jelly if mixed with or ^ pt. chloroform. 
Dessage, J. CMm. niM. 25, 147.) 

Pyroxyhn does not (fissolve in ether containing from i to 4 pt. 
eldoroform, in mtric ether, or in monochlormated vinic ether. With 
Bulphovinic acid and oil of tome, it foims slightly sticky solutions. 
(Magnes-Lahens.) 

It dissolves in nethgl-acetic ether, and in acetic €tfm\ (Richier, 
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Scbonbein & Bottg'er, Pelouze, comp. p. 173.) Pyroxylin swells up to 
a jelly in acetic ether, winch leaves, by evaporation on glass plates, 
white pyroxylin devoid of organised structure, and this, -when treated 
even with weak alcohol, loses acetic ether, and on di'ying' remains 
behind as a powder. (Hartig.) — The solution is not sticky. (Magnes- 
Lahens, LivoniuB.) 

Pyroxylin is insoluble in oil of turpentine. (Magnes-Lahens.) 

Pyroxylin cannot be dyed, or only imperfectly. But pyroxylin 
which is partially decomposed hj long keeping*, or cotton-wmol which 
is incompletely^ converted into pyroxylin by immersion in nitro-sul- 
phui’ic acid, takes more brilliant colours wdien dyed than- common 
cotton-wool. (Kuhlmann, Compt. rend. 42, 673 and 711). 


Timicin. 

(jis^ioQio or 


C. Schmidt. (1845.) Zur vergleiclienden Phjslologie der- idrlellosen 
Thieve^ Braunschweig, 1845, 62 ; Ann. Pharm. 54, 318. — J. pi\ 
Chem. 38, 433. 

LoaTO & Kollikee. J. pr. Chem. 37, 439 ; Compt. rend. 22, 38. 
PuMxis, Edayaeds, Boussixgault k Paten. Compt. rend. 22, 581 ; 
Ann. Bcienc. nat. 1846, 238. 

Beethelot. Compt. rend. 47, 227 ; N. Ann. Chim. Pligs. 56, 149 ; Bej}. 
Chim.piire, 1, 69; Jipr. Chem. 76, 871; Pharm. Centr. 1858, 675. 

Discovered by C. Schmidt in 1846 ; distinguished from cellulose and naMed 
Tunicin by Berthelot. 

Occurrence. Comp. Eandbueh, viii. 473.— -In the Ascidim (Tunicata, 
Lamarh) ; in the mantle of Phallusia inamillam^ and Frustulia sallna 
(Schmidt), in all Tunicata (Phallusia mmiUlans^ P. intestlnalis, P. nion- 
achus, Cynthia papillata^ Clavallina lepodiformis, Biozoma violacca, Pot- 
rylliis Poiycyclas, Pyrosoma gigaiitea. Salpa maxima \Handh. viii. Zoochem. 
473]), not in the lower animals, as Polypes, Medusee, and 2Iollmm (LoAvig 
& Klliker) ; in the outer envelope of certain Timicata {Cynthia papiU 
lata). (Berthelot.) 

Preparatioji. The outer euAmlopes of the titnicata are treated suc- 
cessively Avitli Avater, alcohol, ether, dilute acid and aqueous alkali 
(SchmidtJ), or they are boiled for some hours with concentrated hydro- 
chloric acid, afterwards with aqueous potash of sp. gr. 1*28, then 
washed vuth water and dried. (Berthelot.) 

Properties. White, translucent, very soft, with somewhat of a 
pearly lustre (Dumas, &c.), Of the external unaltered form of the enve- 
lopes. (LbAvig & KoUiker.) Tunicin prepared from Phaiitisia mamtiia- 
ris forms an agglomerate of large shapeless cells. (Schmidt.) 
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Schmidt. 





Phalhcsia 

FrmiuUa 




mamillaris. 

salina. 



144 ..., 

44*44 . 

45*38 .... 

.... 46*19 

H20 

20 ..., 

6*17 . 

6*47 .... 

.... 6*63 

020 

160 .... 

49*39 . 

48*15 .... 

47*18 

C24H20O20 

324 ... 

100*00 . 

100*00 .... 

100*00 


Lowig & Kolliker, Dumas, &c. 

Phalktsia Cynthia' Phdllusia 

mamillaris, papillaia* mamiUaris* 

43*40 43*20 44*5 

H20 5*68 6*16 6*4 

020 50*92 50*64 49*1 

C24H20O20 100-00 100*00 100*00 

According to Schmidt, and Lowig & Kolliker, tunicin is cellulose or allied to cellu- 
lose j according to Berthelot, it is isomeric with cellulose and analogous to chitin. The 
envelopes ti-eated with aqueous potash and then with hydrochloric acid, still contain, 
from 3*2 to 3*8 p.c. nitrogen, hut may he obtained free from nitrogen by treatment 
with 2 p.c. potash-ley, next with 25 p.c. potash-ley, and lastly with aqueous hydro- 
chloric acid of the strength of 1 p.c. (Dumas, &c.) 

Becompositions, 1. Timicin heated in a glass tube is cliarred without 
losing its f ormj evolving tbe smell of burning vegetable tissue. Heated 
in the air it bums away quicMy and completely. — 2. Eemains unal- 
tered when heated with water to 200°. (Schmidt.) — S. It is coloured 
pale yellow when boiled with alcoholic iodine ; if then moistened with 
oil of vitiiol, it is coloured violet. — The violet colour is followed by 
solution of the tissue, which at the same time loses its colour, while a 
great number of yellow corpuscles, previously enclosed between the 
fibres, become visible under the microscope. (Dumas, &c.) — 4. Not 
decomposed by boiling for several hom’S with dilute nitric acid. 
(Schmidt.) — 5. Dissolves without coloration in cold oil of vitriol. 
(Dumas, &c.) The solution diluted with a large quantity of water 
contains, after an hour’s boiling, a substance ■ whose nature has not 
been determined, together with sugar, wherefore the solution neutra- 
lised with chalk, filtered and concentrated, reduces potassio-tartrate of 
copper, turns brown when boiled with potash, and ferments in contact 
wdth yeast, forming carbonic acid and alcohol. (Bertlielot.) — 
6. Tunicin is not affected by dry fluoride of boron; with moist fluoride of 
boron it liquefies and then gives with water a solution which contains 
traces of sugar. (Berthelot.) — ^ It remains unaltei'ed by dilute acidSi 
even when boiled with them for weeks, or by boiling potash-ley. 
(Berthelot.) 

It dissolves slowly in concentrated nitric acid. (Schmidt.) — Dis- 
solves with difficulty in aqueous cuprammonia. (Schlossberger, J. pr. 
Chem. 78, 374.) 

Insoluble in imter^ alcohol^ glacial acetic acidj or ether, (Berthelot.) 
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Glycogen. 


Cl. Beenard. Compt. rend. 41, 461. — Com.pt. rend. 44, 578 and 1325 ; 
J. pr. Chem. 73, 251 ; abstr. Kopp's Jah'esber. 1857, 552. — Compt. 
rend. 48, 77, 673 and 884. 

IIensex, Wilrzh. medic. Verhandl. 7,2^. — Archie, fur Aiiato- 

mie, 9, 214; abstr. Kopp7s Jaliresber. 1857, 553. 

Sanson. Compt. t'cnd. 44, 1159 and 1323 ; abstr. Kopp's Jaliresher. 

1857, 553. — Compt. rend. 45, 140 and 343. 

SciiiFF. Id. Zeitchr, filr phys. Heilkunde^ 1, 263. — Compt. rend. 48, 880. 
Eue. Pelouze. Compt. rend. 44, 1321 ; J. pr. Chem. 73, 249 ; abstr. 
Kopp^s Jdkresber. 1857, 553. 

Bokuet. Compt. rend. 45, 139 and 573 ; abstr. Kopp'^s Jcihreeher. 1857, 
554. 

Ejekule. Heidelb. naturic. Verhandl. 1858, Jan. ; Chem. Centr. 1858, 
300 ; abstr. Kopjis Jcdiresher. 1858, 570. 

POGGIALE. H. J. Pharm. 34, 99 ; Kopp's Jahresher. 1858, 569. 

Pavt. N. Phil. Mag. J. 17, 142 ; J. pr. Chem, 77, 354 ; abstr. Eep. 
Chim. pm'e, 1, 236. 

Gorup Besanez, Ann. Pharm. 118, 227. 

[The chemical nature of glycogen is treated of also HandbucTi, viii. ZoocJiem. 74, 
385 and 550.] 

Glykogm.i GhjhogensulstanZy thierisches Amylum ; Mature amylaciSi Glycogens ; 
Hepatin. — Discovered and investigated by Bernard. 

Occurrence. In the lirer. (Bernard.) ' In the placenta. (Bernard, 
Co7npf. rend. 48, 77 and 673.) — In the umbilical membrane of birds. 
(Serres, Compt. rend. 48, 86.) In graminivora, the liver generally 
contains glycogen, which is omy found in the other organs, as in the 
muscular flesh of horses, when the animals have an abundance of food 
rich m starch. (Poggiale. — comp. Haiidhiich, viii. Zoochem. 385.) — In 
rabbits the liver contains as much as 2 p. c. of glycogen. (KeMe.) 

Preparation. 1. The liver of the quite freshly killed animal is cut 
into small pieces, immersed in boiling water, pounded and boiled for 
about an hour with a smallquantity of water; the liquid is then strained 
off, the residue squeezed out, and the fi.ltrate precipitated with 4 or 5 
measures of alcohol of 38° to 40°. The yellovrish white flocks are freed 
from sugar and soluble biliaiy matter by washing with a large quantity 
of alcohol ; and from adliering nitrogenous substances, by boding for 
■| an hour to 1 hour, with concentrated potash-ley, whereby they are de- 
composed with evolution of ammonia ; the solution is then mixed with a 
small quantity of water, filtered, and precipitated with 4 or 5 measures 
of alcohol of 38° or 40°, The precipitate is freed from potash by wash- 
ing with a large quantity of alcohol ; it is then dissolved in a small 
quantity of water, the solution neutralised with acetic acid, and again 
precipitated with alcohol. Purer glycogen is thus precipitated, while 
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acetate of potasli remains in solution. (Bernard.) So prepared, it is 
apt still to contain lime-salts, which may be removed for the most part 
by repeated solution in strong* acetic or cold dilute nitric acid, and 
precipitation with alcohol, (Keknle. — comp. Hensen, Handbiich, viii. 
Zoochem, 385.) 

2. The fresh, filtered, and cooled decoction of the liver is precipi- 
tated with glacial acetic acid, whereupon nearly pure glycogen is 
thrown down, the albuminous substances remaining* in solution. 
(Bernard.) 

3. If the liver is washed out with cold water, by inserting the 
nozzle of a caoutchouc syring’c into the vena 2 '>orta and driving* a stream 
of cold water through the capillaries by careful pressure, a blood-red 
liquid is first obtained, then a bright rose-coloimed liquid, then a milky 
hquid, and at last water. The rose-coloured and milky liquids arc 
heated to boiling and the filtrate precipitated with 2 measures of alco- 
hol of 90® ; and the flocks are collected after some hours, washed wnth 
alcohol, dissolved in water containing acetic acid, and again heated to 
boihng. The filti*ate precipitated a second time with alcohol, yields 
flocks of glycogen in abundance, which must be freed from fat by 
washing with ether and dried in vacuo. (Gorup-Besanez.) 

Fropefi'ties, White, mealy powder, which oven under the micro- 
scope shows no peculiar form. Without smell. Tastes like starch. 
Neutral. (Bernard and others.) 

Calculation Calculation 

according to Pelouze. Pelouze. according to Kekiile. Kekule, Gorup- 

Besanez. 
atm\ ailOQ’^. 


12 

c ... 

. 72 .. 

„ 40-00 .. 

.. 39-8 1 

12 

C ... 

72 .. 

.. 44-44 ... 

.. 44-49 .. 

.. 44*50 

12 

H ... 

. 12 .. 

.. 6-67 .. 

.. 6-1 1 

10 

H ... 

,. 10 .. 

.. 6-17 ... 

.. 6-49 

.. 6*38 

12 

0 ... 

. 96 .. 

.. 53-33 .. 

.. 54-1 i 

10 

0 ... 

. 80 ... 

.. 49-39 .. 

.. 49-02 .. 

.. 49-12 

c^H^o^ieo .. 

.. 100-00 

.. 100-0 

CmiOQio 162 .. 

.. 100-00 ... 

.. 100-00 .. 

.. 100-00 


Loses 1 at. water at 100°. (Felouze.) — ^See Mandhucht viii, Zoochem. 
385, for Sekiff’s and for Sanson’s statements respecting the identity of glycogen 
witk inulin anddesWin, Lochner (^Dissert. Erlangen, 1858), obtained numbers corre- 
sponding to the formula 2 HO. On account of the discrepancy between 

the several statements, Gorup-Besanez tbinks it possible that various kinds of glyco- 
gen may be obtained from tbe liver. 

Decompositions. 1. xiU reagents which transform stai*ch into sugar, 
similarly change glycogen, fia*st into a substance corresponding to 
dextrin, then into sugar. (Beinard.) The sugar so produced is iden- 
tical with grape-sugar. (Berthelot & de Luca, Compt. rend. 49, 213.) 
This transformation is occasioned by dilnte mineral acids, diastase, and 
the ferments contained in tlie blood, saliva, liver, and pancreas. (Ber- 
nard.) Boiling dilute sul2jhm*ic acid first clarifies the aqueous solution, 
and only produces sugar after continued boiling. (Kekuie.) — Neutral 
aqueous glycogen is immediately converted into sugar by saHva ; the 
transformation takes place very slowly, or not at ail, in presence of 
free, acidj caustic or carbonated alkalis. (Pavy.) If the glycogen 
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contained in a concentrated decoction of liver or mnscnlar flesh is 
warmed with saliva, it ferments on the subsequent addition of yeast. 
(Poggiale.) Glycogen which has not nndergone this preliminary 
treatment, does not ferment on addition of yeast. (Bernard.) 

2. By roasting^ glycogen is converted into a substance similar to 
dextrin. (Bernard.) The dextrin formed thus, or accordmg to 1, 
rotates the plane of polarisation towards the right, does not reduce an 
alkaline solution of cupric oxide, is not coloured blue by iodine, and 
does not ferment with yeast. It gives a clear solution with water, not 
with strong alcoliol, (Bernard.) 

3. Yields xyloidin when treated with concentrated nitric acid; and 
oxalic acid when boiled with dilute nitric acid. (Pelonze.) If concen- 
trated nitric acid is poured over gdycogen dried at 100°, solution takes 
place after a few moments, and, if water is immediately added, a 
quantity of xyloidin is obtained amounting to 130 p. c. on tlie glyco- 
geii employed. If the nitric acid solution is allowed to stand for some 
time, water precipitates a smaller quantity of xyloidin, and after 
several days none at all. (Pelonze.) Glycogen does not reduce an 
alkaline solution of cuprk salts. (Bernard.) 

Comlinations. Glycogen forms an opalescent solution with ivatcr. 
(Bernard, Kekiile.) — In the absence of fennents, the solution under- 
goes no spontaneous alteration on standing. (Bernard.J) On evapo- 
rating the solution, the glycogen separates out in films. (Hcnsen.) 
According to Bernard and Lehmann, the solution is precipitated by 
acetic acid, according' to Lochner and Gorup-Besanez, it is not precipi- 
tated by acetic acid, but is rendered clearer by it, accordmg to Goiup. 

Iodine colours it violet or bright brown-red, seldom pure blue (Ber- 
nard), %ioIet or oftenest red-brown. (Kekule.) 

It is precipitated from solution in water by basic acetate of had 
(Bernard) ; not precipitated. (Hensen.) 

It is quite insoluble (Bernard), slightly soluble (Hensen) in alcohol. 
^Animal charcoal precipitates it from solution in water. (Bernard.) 


Dextrin. 

0242^0010 or 

Biot&Peesoz. (1833.) Ann. CMm. Fliys. 52, 72; Scliw. 66, 169; 

Pogg. 32, 160 ; Ann. Pliarm. 6, 209. 

Payex & Peusoz. Ann. Chim. Phys. 53, 73; Pogg. 32, 182. — Am 
CMm. Phys. 56, 337. 

Patex. J. Chim. mkl, 9, 504, 549, and 572. — Ann. Chim. Phys. 61, 
372 ; 65, 225, and 234. — N. Ann. Sc. nat. Botan. 10, 85, and 170. 
Guerix-Vahhy. Ann. CMm. Phys 60, 68. 

JacqOelaix. N. Ann. Chim. Phys. 8, 255 ; J. pr. Ghem. 30, 477. 
BnCHiOrp. Compt. rend. 51, 256. 

British gums; AmiMne (Chevreul.), Gomme amiSme^ Gomme dextrine (Fayen Sc 
Persoz), Dextrine (Biot), Leiocemme ; Starhegummi, Dextvingummi. — Bechamp dis- 
tinguisbies between dmtrine defSmk and de Ugnmx. 
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As early as 1811, Taaquelin {Bull Pharm. 3, 54) raentioned roasted starch, which 
Dobereiner subsequently {Schw. 8, 207) regarded as gum ; Biot & Persoz, as the con- 
tents of the starch-granules (Chevreul’s amidine), Payen & Persoz recognised it as 
a product of the transformation of the amidon contained in the starch-granules. Accord- 
ing to Chevreul (1834) it is identical with Couverchers gonime normale^ Caventou’s 
amidon modiji^, Guibourt’s arnidon soluble or amidine. — It has been examined chiefly 
by Payen. — It was named dextrin and distinguished from gum, by Biot & Persoz, on 
account of possessing a rotatory power towards the right ; but, according to Bechamp 
{N. Ann. Cliim. Phys. 48, 461), Biot’s original dextrin is not the same as the substance 
to which that name is now given, but is identical with Bechamp’s soluble starch (p. 102). 
According to Sanson {Handbuch, viii, Zoochem, 550), dextrin is identical with 
glycogen. [According to Eug. Pelouze {Compt. rend. 44, 1321), the substance re- 
garded as dextrin or glycogen by Sanson is an altered albuminous body. — ^W.] 

Occurrence. Probably in nearly all vegetable juices, but mistaken 
for gum (Mulder. Lelirh. d. Cheni. 232), not in cereal grains. 
(Alitsclierlicb, LeJirb. 368.) In rye and wheat (Fiirstenberg, J. pr. 
Chem. 31, 195) ; probably in sacchminus (Witting. J, pr. Chem. 73, 
138) ; in Spanish chestnuts to the extent of 22*8 to 23-3 p. c. (Albini, 
Wien. Acad. Ber. 13, 502); in the blood {Handbuch^ viii, Zoochem. 387 
and 550); in the juice of flesh {ibid. 387 and 550); in the lungs and 
spleen, {ibid. 387.) — In bread, beer, and other articles of food, as a 
product of the metamorphosis of starch. 

Formation. A. Fro^n starch (comp. pp. 81, 84-86, 90, ko.) 1. By 
roasting until the starch acquires a yellowish brown colour and evolves 
vapour. (Ddbereiner ; Bouillon-Lagrange, Bidl Pliarm. 3, 395.) By 
heating to 200° or 210°. (Payen.) The presence of water is unneces- 
sary or even disadvantageous, for starch dried at 150° yields scarcely 
anything but dextrin when heated for hour to 210° or 214° in an ' 
oil-bath, whereas air-dried starch forms soluble starch at the same 
time. (Maschke, J.p)r. Chem. 61, 1.) — 2. By several days’ heating to 
100° with water (only traces are formed by using 2, or from 30 to 40 
measures of water). (Maschke.) By heating with water to 150° 
(Mitsdieiiich, Fogg- 55, 221), under increased pressure (Jacquelain, 
Ann. Ckim. Fhjs. 73, 187). 

3. By the action of acids, as of cold oil of vitriol (Payen), or of 
dilute sulphuric acid at 85°. It is formed more quickly and at a lower 
temperatm’e by tlie action of strong than by that of very dilute sul- 
phuric acid; by continued boiling of the mixture it is transformed 
into glucose. (Biot k Persoz.) By dilute nitric acid. (Biot & Persoz, 
Payen.) By heating with pt. tartaric acid and 6 pts. water to 125° 
for an hour in a Papin’s digester. fPayen, J. Fharm. 7, 267.) 

4. By digestion with aqueous alkali. (Payen.) 

5. By the action of diastase at 60° or 75°. (Payen & Persoz, 
Guerin- Yarry.) 

6. By the action of sun-light on starch-paste. (St. Yictor & 
Corvisart, Conpt. rend. 49, 368; Ann. Fharm. 113, 112.) 

In the modes of formation 1 to 3, the formation of dextrin is pre- 
ceded by that of soluble starch. Comp. pp. 82, 84, and 102. (Maschke, 
Bechamp.) Sugar is formed at the same time as dextrin in processes 
3 to 5. (Miisculos, — Comp. pp. 85, 90, and 91.) — According to Delffs 
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{Pogg. 109, 648), dextrin differs in its properties according as it is pre- 
pared with malt, with dilute sulphuric acid, or by roasting. 

B. From Cellulose. By the action of oil of vitriol. (Braconnot, 
Ann. GMm. Pliys. 12, 172. — The dextrine de llgneux so obtained pos- 
sesses most of the properties of dextrine de fecide, but has a different 
rotatory power, and forms a dextrine nitrique ligneux wliich differs from 
binitrodextrin. (Bechamp.) — According to Mulder, the dextrin of 
vegetable juices is formed from cellulose or a similar substance under 
the influence of diastase, and is further transformed into starch and 
sugar. 

Preparation. 1. Starch is heated in a shallow vessel with a double 
bottom (the intermediate space being filled with heated oil) to 150 — 
160°, with continual stirring, until it begins to turn yellow and becomes 
soluble in water. {British gnm^ or Leiocomme of commerce.) — In order to 
purify it, it is repeatedly washed with cold and hot alcohol of sp. gr. 
0*843 ; dissolved in water at 90°, and precipitated with alcohol ; the 
l^recipitate again dissolved in hot •water, and the filtered solution eva- 
porated to diyness. (Payen.) — 2. One part of starch is acted upon 
with I pt. ofl of vitriol and 2*8 pts. water. The acid is mixed with 
part of the w*ater and the starch stirred up with the rest j the diluted 
acid is gradually poured upon the starch, and the mixture is kept for 
some time at 90°. The dextrin is precipitated by alcohol from the 
clarified solution. (Biot & Persoz.) — Dextrin so prepared cannot be 
purified from sugar which is formed at the same time and adheres to 
it, except by dissolving it at least ten times in water and precipitating 
the solution with alcohol, which should not be employed in excess. 
(Payen.) — The solution obtained by boiling starch with acid contains, 
immediately after it has become clear, but little dextrin, but a large 
quantity of soluble starch. (Maschke, Fpr. Chem. 61, 1.) — Hofmann 
{Dingl. 149, 320; Cheni. Centr. 1859, 509; F. Br. Arch. 98, 110), 
exposes corn with 1*5 pt. water and 0*01 to 0*02 pt. oil of vitriol to 
high-pressure steam at 107° — 149°, for 2 or 3 hours, in an aii*-tight 
mash -tun, pours off the liquid, saturates it with chalk, and, after 
allowing the precipitate to settle, decants and evaporates to di’yness. 
— 3. Starch is moistened with 0*002 pt. nitric acid and the requisite 
quantity of water, formed into cakes which are broken up after being 
allowed to diy in the air, spread out in shallow layers in a chamber sup- 
plied with hot air, gradually heated to 80°, and at last dried at 110° 
(Payen.) — 4. Starch is digested for 12 hom's at. 50° — 60° wdtli 5 p. c. 
potash- or soda-ley ; the clear solution is neutralised with acetic acid, 
and precipitated Avith alcohol. Purification as in 2. (Payen.) 

5. Five parts of sprouted barley-malt with 400 pts. water at 
25° — 30° are slowly heated to 60°, 100 pts. starch are added, and the 
mixture is kept at 65° — 75° for about 4- an hour, or until the liquid, 
which is at first milky, has become clear and perfectly fluid, it being kept 
stirred all the time ; the temperature is then quickly raised to 95° or 
100% to destroy the actmty of the diastase ; the solution is filtered 
when cold and ah*eady clarified by subsidence ; and the filtrate evapo- 
rated at 110°, the scum which forms on the surface being skimmed off, 
to a syrup which solidifies to a jelly on cooling, and is then divided 
into thin layers and dried in a current of ah* in a drying oven. The 
product is purified by precipitating the concentrated aqueous solution 
with alcohol, treating the precipitate, which consists of dextrin with a 
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small quantity of starch, with water, which dissolves the dextrin, 
and again precipitating with alcohol. (Payen & Persoz.) — Sprouted 
baiiey-malt may also be mixed with 7 pts. water and gradually heated 
in the water-bath to 65°, with constant stirring ; then to 75° for 25 
minutes ; ^ pt. animal charcoal added ; the liquid filtered, warmed in 
the water-bath to 60°, and starch added to it as above. The dextrin 
thus obtained is very white. 

In order to obtain dextrin-syrup, twice the quantity of malt indi- 
cated above must be used, and the mixture must be digested between 
05° and 75° for a long’er time, until it is no longer coloured blue by 
iodine. (Payen.) The dextrin-syrup so obtained is precipitated with 
alcohol of 95 p. c., and filtered ; the residue is dissolved in 8 pts. water 
at 75°; the solution is shaken with animal charcoal for a quarter of an 
hour, andfiltered; and tliefiltrate is evaporated in vacuo. (Guerin-Yarry.) 
— Starch is digested at 70° — 75° with 0*02 pt. diastase and 5 pts. water, 
until the liquid is no lung’er colomed blue by iodine ; it is then filtered, 
and evaporated ; the residue freed from sugar by exliaustion with 
alcohol of 85 p. c., then dissolved in spirit of 30 — 35 p. c. ; and the 
solution filtered from the undissolved starch is evaporated. (Payen 
& Persoz.) 


Properties. S olid, brittle, colourless or slightly coloured, transparent , 
gummy mass, reducible by trituration to a white powder which grates 
between the fingers, (Payen. J, Cliim. mid, 21, 427), sp. gr. 1*52. 
(Payen.) — Tasteless (Payen, Guerin-Yany), has a sweetish gummy taste, 
(Bouillon-Lagrauge) j inodorous, permanent in dry air, and at i00° (Gue- 
rin- Yarry). — Specific rotatory power [a] = 138*7° to the right, = 176° 
(Bechamp). Rotatory power of Dextrine de Ligneux [a] = 88‘9° to tke left 
(BeUamp.) — Heutral. 


In vacuo. 



Payen & Peligot. 

24 C 

.... 144 ... 

..... 44*44 


20 H 

.... 20 ... 

6*17 


20 0 

.... 160 ... 

49-39 

50-09 



.... 324 .... 

100-00 

100-00 


Payen. 




a . 

1. 

c. 

d. 

--N 

e. 

24 

c 

.... 42*54 . 

... 43*63 

... 43*04 

.... 43-27 

44-18 

20 

H 

6*22 . 

... 6*00 . 

... 6*27 

.... 6*11 

.... 6-00 

20 

0 

.... 51*24 . 

... 50-37 . 

... 50-09 

.... 50-62 

.... 49-82 

^ 24^20020 .... 

.... 100*00 . 

.. 100*00 .. 

... 100-00 

.... 100-00 

.... 100*00 


a, dried at 80” ; the other products at 100® in vacuo (Payen.) 
a. and h, prepared by (1) ; c. from commercial dextrin and purified as in (1) 5 d, 
prepared from starch with cold oil of vitriol ; e. by (4). 

Decompositions. 1. Dextrin heated to 120° — 130° becomes pale 
yellow, gives off water, and acquires the smell of toasted bread ; after 
half-an-hour’s heating to 145° — 150°, it assumes a deeper yellow 
colour after an hoin’s heating to 195° — 200°, it becomes reddish 
without melting or losing its transparency; at 225°, it begins to melt, 
and at 235°, it swells up strongly, turns yellowish brown, and yields 
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acetic acid^ carbonic acidj carbnretted hydrogen and other ’ products. 
(Gnerin-Yarry). — When thrown on red-hot coals, it bnnis like gnni 
(Bonillon-LagTange). — 2. Treated with nitric acid^ it yields oxalic acid 
(Bonillon-LagTange, Fiirstenberg), no mucic acid (Gnerin-YaiTy), 
probably also saccharic acid (Gerhardt, Traite 2, 493). — 3. With nitro- 
sulplturic acid^ it forms binitrodextrin (Bechainp). — 4. With oil of 
vitriol^ it blackens and gives off acetic acid (Boiiiilon-Lagrange) ; boiled 
with 4 pts. water and 0*01 oil of vitriol, it forms glucose (Payen & 
Persoz). — It is converted into sugar by boiling with any dilute acid 
(Biot & Persoz.) — 5. It is not altered by hydrochloric acid, — 6. Heated 
to 100^ for 50 or 60 hours with glacial acetic or hutyric acid, it gives 
off water, and forms a small quantity of a compound analogous to or 
identical with aceto- or butyro-giucose (Berthelot, W. Ann, Cliim. 
Phys. GO, 98). — 7, Heated with aqueous bicarbonate of potash and 
iodine, it yields iodoform (Millon, Compt rend, 21, 828 ; J. pr. Chem. 
37, 55). — 8. It is not altered by aqueous permanganate of potash (E. 
Monier, Compt. rend. 46, 425; J. pr. GAm. 73, 479). — 9. Heated to 
150° in a sealed tube with strong caustic ammonia, it behaves like 
starch (p. 87), but the substance thus obtained by continuing treat- 
ment for 7 days, contains 11 p.c. nitrogen (Schiitzenberger, Zeiischr, Ch 
Pharm. 4, 66). — 10. It colours a cupric solviion containing caustic potash 
blue, but does not throw down cuprous oxide from it till heated to 85°, 
and even then but slowly (Trommer, Ann. Pharm. 39, 360 ; Delffs) ; not 
even when heated (Piirstenberg, J. pr. Cheni. 31, 195). — 11. Heated 
with cinchona bases, it gives off red vaponrs which condense to a red 
liquid (Batka, Cheni. Cenir. 1859. 865). — 12. It does not ferment with 
water and yeast (Biot & Persoz, Guerin-Yany, Payen) ; in contact with 
water and calfs rennet, at 40°, it is converted into milk-sugar or a 
modification thereof (Preniy, J. Pharm. 25, 299). By water and dias- 
tase at 60° — 70°, it is gradually converted into sugar (Payen & Persoz),, 
but only partially (Guerin-Yany). See tlie statements of Musculus, (p. 91). 

Combinations. With Wate}\ Dextrin exposed to moist air absorbs 
4 at. water, of which it gives off 2 at. in vacuo at 15°, and the rest 
between 100° and 140°. (Payen.) 

It deliqxiesces to a syrup in air saturated with moisture, and dis- 
solves readily in water. (Biot & Persoz.) The solution is clear and 
gummy (BouiUou), glutinous (Biot Persoz), and is precipitated by 
water (Guerin- YaiTry). For the rotatory power Yid. Slip. 

Aqueous dextrin does not suffer any alteration of rotatory power 
by keeping (Biot & Persoz), but loses it to a certain extent when 
heated (Dubruufaut, Compt. rend, 2^, 43). — Wlien kept, even out of 
contact with the ah, it deposits pulverulent modified dextrin (Biot k 
Persoz) ; when frozen it deposits a powder which redissolves on thaw- 
ing (Jacquelain, A anz. Chim. Phys. 73, 187). Aqueous dextrin is not 
coloured by aqueous solution of iodine (Payen, Guerin-Yarry) ; it is 
colonred wine-red (Biot & Persoz) ; purple-red if the dextrin has been 
prepared by heating 1 pt. of starch with 5 pts. w^ater in a Papin’s 
digester, for to J of an hour, — not at ail if prepared by heating in 
like manner for 2 hours. Also hy treating starch with oxalic add and water to 
130° for an hour, nentralising the solution with chalk, and repeatedly precipitating the 
dextrin from its solution hy alcohol, a dextrin is obtained which is coloured pnrple-red 
hy iodine-water, whereas the dextrin obtained by heating in like manner for 2 hours is 
not coloured by iodine-water. (Jacqnelain, CMm.Phy^. 73, 187 ; see al§o Delffs, 
109, 048.) ' 
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With Metallic Metallic oxides insoluble in water generally 

dissolye, as double compounds, in aqueous dextrin, in presence of a 
slight excess of potash. 

Barkmi-comj^ound . — Precipitated from a solution of dextrin in alcohol 
of 56 p. c., or of wood spirit 50 p. c., saturated at 24°, on addition of a 
nearly saturated solution of hydrate of baryta in wood-spirit. The 
precipitate is washed with weak wood-spirit, and dried in vacuo or in 
ah free from carbonic acid. (Payen.) The aqueous solution of dex- 
trin prepared by roasting precipitates baryta- water ; that which is 
prepared with sulphuric acid or malt does not. (Delffs.) 

Payen. 

2BaO 153 .... 29-9 31*8 

C24H1S018 > 306 .... 70*1 

C24HiSBa20^ 459 .... 100*00 

Lead’-compouncL — ■ The solution of dextrin in water or weak spirit 
is not precipitated by either neutral or basic acetate of lead. (Payen.) 
Basic acetate of lead added in excess to a very concentrated solution 
of dextrin, throws down a gelatinous precipitate. (Stadeler, Ann, 
JPliCtTm. Ill, 26.) A solution of basic acetate of lead is precipitated by dextrin 
prepared with malt, but not by dextrin prepared from starcb by roasting or by the 
action of sulphuric acid. (Delffs, Pogg, 109, 648.) 

a, Basic. A solution of dextrin is poured into an excess of an am- 
moniacal solution of neutral acetate of lead, and the precipitate is 
washed and dided at 50° in vacuo. Loosely coherent white powder, 
which, when heated in vacuo to 180°, gives off water and turns 
yellow. Soluble in acetic acid. (Payen.) 


Payen. 

In vacuo. at 50®. af 80®. 

24 C 144*0 .... 19*1 .... 18*5 .... 19*0 

18 H 18*0 ... 2*4 .... 2*7 .... 2*4 

18 0 144*0 .... 19*2 .... 21*0 .... 19-4 

4 PbO 446*8 .... 59*3 .... 57*8 .... 59*2 


C24HiWO20,2PbO .... 752*8 .... 100*0 .... 100*0 .... 100-0 


h. Bibasic. A cold solution of neutral acetate of lead mixed with 
ammonia is added by drops to an excess of a warm solution of dextrin, 
till the precipitate, which at first disappears on stiiTing, encloses 
about half the dextrin present. This precipitate is washed in an appa- 
ratus wliich protects it from the action of carbonic acid, and dissolved 
with aid of heat (in acetic acid? Kr.); the solution evaporated in a 
retort till the boiling point rises to 115°, then cooled, and precipitated 
with excess of ammonia ; and the precipitate is collected, washed and 
dried. (Payen.) 

ai 100®* Payen. 

2PbO 223*4 42*2 40*1 

306*0 57*8 

.... 529*4 .......7l00*0 

c. Add f If the liquid which remains after precipitation of h be 
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mixed with alcohol, the resulting precipitate contains 10*17 per cent, 
of lead, (Payen,) 

An aqueous solution of dextrin is not precipitated by ferrous sul- 
phate (Payen) ; it does not decolorise aqueous ferricyanide of potassium 
mixed with ^ pt. hydrate of potash, even on boiling- (Gentele, BingL 
152, 68) ; neither does it precipitate mercurous nitrate qy protocTdoride of 
tin (Payen). Dextrin prepared with malt or by roasting throws down, white precipi- 
tate from mercurous nitrate, that which is prepared with dilute sulphuric acid does not. 
(Delffs, Poffg. 109, 648.) 

Aqueous dextrin dissolves glucose; the solution reduces a cupric solution containing” 
potash, without previous blueing (Yentzlce, 7. pr. C/iem. 25, 81). 

Dextrin is insoluble in alcohol of sp, gr. 0*837 or 0*88 either 
cold or boiling, but abstracts from it at the boiling heat a certain 
quantity of water, and softens. When covered with 1000 pts. of 
alcohol of sp. gr. 0*91, it does not dissolve completely even on boiling, 
but the same alcohol in contact with a larger quantity of dextrin, dis- 
solves the greater part of it at the boiling heat, amounting to 3 p. c. 
of its own weig'ht, and deposits it partly again on cooling, so that 
after six days the quantity still remaining in solution amounts to 
per cent, of the alcohol. 

According to Payen, it dissolves readily in alcohol of 30 p. c., less 
easily in alcohol of 45, not at all in alcohol of 80 p. c., and is precipi- 
tated as a syi’up by alcohol of 84 p. c. from its solution in weaker 
alcohol. — Authon found that when dextrin prepared with malt was 
boiled with 143 pts. alcohol of sp. gr. 0*95, the whole dissolved, hut 
half of it separated on cooling, whereas the same dextrin boiled with 
3 pts. alcohol, likewise dissolved and separated on cooling, to such an 
extent only that 19 per cent, remained in solution. Hence Anthon 
regards this dextrin as decomposible by alcohol of sp. gr. 0*95 
and the portion which separates on cooling as different from that 
which remains dissolved. 

Dextrin is soluble in methylic alcohol. — The solution mixed with an 
equal quantity of water is not precipitated by common alcohol of 56 
per cent. (Payen.) 

Insoluble in ether. (Guerin- Yarry.) 


Agypeiidix to Dextrin. 

1. Pyrodextrin. 

G^lis (1857). N. Ann. Chhn. Phys. 52, 388; N. J. Phamn. 33, 405; 
abstr. Compt. rend. 45, 991 ; Cheni. Centr. 1858, 164. 

Formation and Prqiaration. By the roasting of starch (appearing, 
indeed, to bo the only coloured substance thereby produced), of cereal 
grains, potatoes, maize, or coffee. — Starch is heated, with constant 
stirring, in an open vessel stcongly heated on one side, fresh portions 
being continually brought in contact with the hot part, till it is free 
from adhering water, swells up strongly, gives off pungent vapours, 
and sinters together, so that it is easily separated from the hot 
bottom of the vessel. It is dissolved in hot water ; the clear filtrate 
evaporated, and the residue dried and heated by small portions in an 
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air-bath to 220° — ' 230°, to complete the roasting’. The spongy pro- 
duct thus obtained is pmafied, especially from ^ adhering dextrin, by 
repeatedly dissolving it in water and precipitating the solution with 
alcohol, as long as dark flakes continue to separate — or, in presence 
of a large quantity of dextrin, by precipitating the aqueous solution 
with excess of baiyta- water containing alcohol, washing the resulting 
precipitate with weak spirit, ])Oiiring upon it a quantity of sulphuric 
acid sufficient to decompose it, filtering the liquid to remove sulphate 
of baryta, and precipitating’ the filtrate with alcohol. The pyrodextrin, 
wliich separates in the form of syrup, is dissolved in a small quantity 
of water, the filtrate evaporated over the water-bath, and the residue 
dried at 140°. 

Properties. Solid, brown, friable mass, shining and tough when 
moist. Inodorous and tasteless. 


Gelis. 
at IGO®. 


96 C 

576 .... 

46*37 .... 

..... 45*71 

74 H 

74 .... 

5*95 .... 

..... 6*20 

74 0 

592 ... 

47*68 ... 

..... 48*09 

C9<JH7407^ 

1242 ... 

..... 100*00 ... 

lOO'OO 


According to G^is, it is -h HO. 


Decompositions. 1. Eemains unaltered at 210°-- 220°, but decom- 
poses at a higher temperature ; takes fire with difficulty, and leaves a 
hard, coherent, slowl 3 "-hummg cinder. — 2. Treated with nitric acidj it 
yields oxalic acid. — 3. Bjoil of vitriol or strong hydi^ocMoric acid^ it is 
converted into a sparing'^ soluble brown powder ; dilute sulphuric or 
hj'drochloric acid alters it but very slowly, even when heated. — 4. It 
reduces cuprous oxide from an alkaline solution of cupric oxide, and from 
solutions of gold- and sf/rer-salts, it reduces the metals. 

Comhimtions. Pyi’odextrin when exposed to the air takes np 3 at. 
water, and afterwards dissolves readily in water forming' a brown 
adhesive gnm. 

Aqueous p^rrodextriii is not coloured puiq^le-red by iodine (like dex- 
trin), but is decolorised by moist hydrate of alumina. 

Banum-compound , — Obtained by precipitating aqueous pyrodextrin 
with baryta- water, washing the precipitate with weali, alcohol, and 
drying it in a space free from carbonic acid. Sparingly soluble in 
water, soluble in glacial acetic acid. 


GGlis. 

96 C 576 .... 37*64 .... 36*92 

72 H 72 .... 4*70 .... 4*90 

72 O 576 .... 37*64 .... 37 98 

4 BaO 306*4 20*02 .... 20'20 


1530*4 .... 100*00 100*00 


f4ea4-cmnpgim^* Pyrodextrin forms several coippoimcls with oxide 
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of lead. The neutral compound is obtained by mixing aqueous solu- 
tions of pyrodextrin and neutral acetate of lead, and precipitating the 
mixture with absolute alcohol, or better, by precipitating a concen- 
trated aqueous solution of pyrodextrin with excess of neutral acetate of 
lead dissolved in alcohol; dissolving the black semifluid precipitate 
several times in water and precipitating with alcohol; and lastly, 
evaporating the aqueous solution of the salt so purified, first on a 
water-bath, then in a drying-oven. 

Very soluble in water, easily precipitated therefrom by alcohol. 
Not affected by the carbonic acid of the air. 


Gelis. 

96 C 576*0 .... 39*81 .... 39*09 

72 H 72*0 .... 4*97 .... 5*21 

72 O 576*0 .... 39'81 .... 40*50 

2 PbO 223*4 .... 15*41 .... 15*20 


1447-4 .... 100*00 .... 100*00 


Pyrodextrin is sparingly soluble in alcohol of 22 p. c. ; insoluble in 
absolute alcohol and in ether, (G-elis.) 


Carbo-hydrates 

The extensive group of amoiq:)hous vegetable substances, formerly 
designated by the common name of gum, which form with water a 
viscid and glutinous solution, and are precipitated or coagulated by 
alcohol, has been separated by Fourcroy, Thomson, Guerin- Varry, and 
others, into several smaller groups, each of which however includes a 
number of bodies differing from one another in origin or in mode of 
formation. In the majority of cases, the existing- observations are not 
sufficient to enable us to decide with certainty on the identity or 
difference of the individual members of these groups, especially as the 
great mass of observations have hitherto been made on the gums as 
they occur in nature (mixtures of several distinct gums or containing 
inorganic impurities). On the authority of the researches of Neubauer, 
Fremy, and others, the following substances are here treated as 
definite chemical compoxxnds : i. Arabic acid, with reference to the 
researches on gum-arabic. — 2. Metagummic acid, including cherry 
tree gum. (Guerin- Varry’s Cerasin.) — 3. Bassonn, — 4. Vegetable 
mucus, regarded by most authors as identical with hassorin, but differ- 
ing therefrom in its mode of occurrence in a manner which renders it 
probable that the two are chemically different. 

Fourcroy distinguished Gum-arabic, Gomme du pays, and Gum-tra- 
gacantli without however precisely characterising these divisions. — 
Thomson (in his “ System of Chemistiy,” 4, 21), made four divisions : 
1. Gum, in which term he included gmn-arahic, gum-senegal, and the 
gum of Stertulia urens, precipitahle by solution of silica.^ — ^2. Mucilage, 
inclxiding that from linseed, quinces, and marsh-mallow roots, not pre- 
cipitahle by solution of silica (Guerin-Varry). — 3. Cetmin, inciudiiig 
the gums indigenous in Europe. — 4. Gum-tragacantlu — Vauquelin 
made a special division for JBassorin, on account of its insolubility in 
water. — Pextrin and other products resulting from the decomposition 
VOL. XV. O 
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of starch and woody-fibre, were formerly classed among the gums, till 
Biot distinguished dextrin therefrom, on account of its action on 
polarised light. 

Guerin- Varry regards as characteristic of gum, the capability of 
forming mucic acid with nitric acid. His classification distinguishes : 
1. Arahin^ soluble in water. — 2. Bassorin, insoluble in water. — 
3. Cerasin, likewise insoluble in water, but converted into arabin by 
boiling with water. Guibourt distinguishes several subdivisions. 
Berzelius {Lelirhich, 3 Aufl. 6, 396) distinguished two classes of gums : 
1. True gum, soluble in water, either cold or boiling, to a thick, glutin- 
ous liquid, insoluble in alcohol, precipitable by basic lead-salts, but 
not by tincture of galls, mostly converted by nitric acid into mucic acid. 
— 2. Vegetable mucus, perfectly insoluble in cold, soluble for the most 
part in boiling water, in which it swells up to a thick mucilage, not pre- 
cipitable by solution of borax or tincture of galls. 

Gum-arabic was shown by Neubaiier to consist of the potash- and 
lime-salts of a peculiar substance, arahin (arabic acid, according to Hek- 
meljer), either of acid natxne or related to the acids. Arabin is 
or and is capable of forming with lime a compound identical 

with gum-arabic. Neubaiier observed that arabin after drying merely 
swells up in water without dissolving, but that its solubihty is restored 
by addition of bases. Gum-arabic undergoes a similar alteration when 
its highly concentrated aqueous solution is poured upon the surface of oil 
of vitriol, or when it is roasted with oxalic acid (Fremy), or heated for 
some time to 1.50® (Gelis), being converted, by the former treatment, 
into Fremy’s metagiimmic acid ; hy the latter into Fremy’s metagum- 
mate of lime, Gelis’s artificial cerasin. The portion of cherry tree gum 
(Guerin- Yarry’s cerasin), which is insoluble in water, is, according to 
Fremy and Gelis, metagummate of lime, and, like that substance, con- 
vertible into gummate of lime. The portions of Bassora gum, insolu- 
ble in 'water, yield, under the influence of alkalis, a product different 
from gummate of lime, but likewise soluble in 'water. (Fremy.) 


Arabic Acid and Gum-arabic. 

Cn^iiQn QY 


Ceuikshakk. Seller. /. 3, 289. 

Bostoce:. Ah GehL 8, 573, 

Yauquelix. Ann. CJim. 6, 178; 54, 312; 80, dU.—JBuIl. FJmm. 
3, 49. 

Ppaff. St/stem d. 3fat med. 1, 102. 

Berzelius. Cldm, 95, 77. 

TRoanrsDOEFF. Ah Tr. 22, 2, 254. 

Guebix-Yaery. Ann. CMm. Plugs. 49, 248 ; Schw. 65, 220 ; Ah Tr. 26, 
2, 155; abstr. Poyy. 29, 50; Berz. Jahresb. 13, 276. — dim. 
Pkgs. 51, 222. 

Biot&Peesoz. Am. Cldm. Phys. 85; Pogy. 32, 160; Schw. 68, 

163 ; abstr. Ann, Pharm. 6, 210. 

Guibourt. J. clum. med. 8, 419 ; Aim. Pharm. 9, 221, 

Muluer, Bull de Nderlmde, 1838, 167 ; abstr. P. Chenu 16, 244. 
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Herbeeger. Bepert 47, 19 ; Pharm. Centr. 1834, 193. 

Lassaigxe. J, chim. med. 18, 416 and 821 ; abstr. Berz, Jaliresh. 23, 381. 
Be'CHxee. Ann. Pharm. 45, 89. 

ScHmnT. Ann. Pharm. 51, 29. 

Neubauer. J. pr. Chem. 62, 193 ; absti*. Pharm. Centr. 1854, 637. — 
Ann. Pharm. 102, 105 ; abstr. J. pr. Chem. 71, 255 ; Chem. Centr. 
1857, 590. 

Lud^vig. N. Br. Arch. 82, 33, and 153 ; abstr. Chem. Centr. 1855, 376. 
A. Gelis. Cornpt. rend. 44, 144; AC J. Pharm. 31, 216 ; J. pr. Chem. 

71, 378 ; abstr. AC Br. Arch. 96, 192. 

Heeaieljer. Scheilc. Verhandl. en Onderzoeh. 2, 2, 167 ; abstr. Kopjfs 
JaJiresher. 1858, 482. 

E. pREm'. Cornpjt. rend. 50, 124; AC J. Pharm. 37, 81; abstr. Chem. 
Centr. 1860, 607. 

Vegetable gum. Pjlanzengummi. Gomme, Muguetw. Gummic acid (Fremy). 
Arahin (Neubauerj. 

Sources. — In tlie vegetable and animal kingdoms, in the former 
universally diffused, as contents of the cells, or as secretion in the 
gum-ducts, from which, as they burst, the gmm exudes and slowly dries 
and hardens on the bark. It forms the gum-ambic or giim-senegal 
of commerce, which exudes from various Si3ecies of acacia growing in 
Arabia, Egypt, and other countries. 

The following plants contain gum which, however, is only partially 
identical with gum-arabic. The roots of Anacyelus Pgrethrum 
(PAgtocheniy 66);'^' Bryonia alba (Schwerdfeger, Jahrb. pr. Pharm. 7, 287) ; 
Cephalis Ip)ecacuanha (WiHigk, Wien. Akad. Ber. 5, 190) ; Mumex acutus 
(Bley, AC Tr. 25, 2, 68) ; Tgpha angnstifoUa, especially in spring 
(Lecocq, J. Pharm. 14, 221) ; Valeriana officinalis (Trommsdorif, N. Tr. 
18, 1, 3); the bulbs of Colchicum auturnnale (Pelletier & Gaventou, 
Ann. Chim. Phys. 14, 69). The root-stocks of Asplenium filixfcemina 
(Bock, N. Br. Arch. 65, 257) ; Polypodium vulgare (Desfosses, J. Phann. 
14, 246); Veratnm album (Pelletier & Gaventou, Ann. Chim. Phys. 14, 
69). — In the herb of Calluna vulgaris (Bley, Repert. 15, 329); the 
bark of various species of Cinchona (Reichardt, Reichel, Phytochem. 50) ; 
in Cinchona 7iova (Pelletier & Gaventou, Winckler ; Hiasiwetz, 
Pharm. 79, 142) ; Croton Elateria (Duval, Phytochem^ 23) ; Salix alba 
(Pelletier & Gaventou, J. Pharm. 7, 123; Repert. 213); Sambucus 
nigra (Kramer, AC Br. Arch. 43, 20) ; Swietenia febrifuga (Overbeck, 
N. Br. Arch. 68, 271). — The leaves of Ampelopsis hederacea (Wittstein, 
R^ert, 46, 317) ; Calendula officinalis (Geiger, Diss. de Calend. off. 
Heidelberg, 1818); Taxus baccata (Peretti, J. Pliarm. 14, 537). The 
leaf -buds of Populus nigra (Pellerin, J. Pharm. 8, 425; AC Tr. 7, 1, 
390). — The flowers of Calendula officinalis (Geiger, loc. cit.)', Tiliaf 
(Marggraf, Pfaff Mat. med. 4, 92); Tropceolum mojus (Muller, Ann. 
Pharm. 25, 207) ; the honey-dew of Tilia parvifolia, in smaller quan- 
tity that of T. grajidifiora (Riegel, Jahrb. pr. Pharm. 14, 155); Crocus 
(s&ron) (Aschoflf, Perl. Jahrb. 1818, 142). — The fruit of Areca 
Catechu (Morin, J. Phann. 81, 449) ; 3Bisa paradisiaca (Boussingault, 
Phytochem. 84) ; Anassia sativa (Adet, Sche7\ J. 1, 663) ; Pyrus malm 


* This and the correspondbg references in the following pages, are to Rochleder's 
Phytochemie ** in the German edition of Gmelinls Hmdbnchi ■vol. Tiii. 

o 2 
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(Berard, PhjtocJiem. 17) j Rulms fniticosus (Lapp, Pliarm, 101, 219) ; 
the iimipe x^ruit of Citrus Aurantkm (Lebreton, J.Plmrm, 14, 877); 
the xipe berries of Lonicera Xyhsteum (¥a\z, Pharm. VierteJJ. 5, 190); 
Juniperus comr/iunis (Witting*, W. Pr. Arch. 91, 29G) ; Vitis vun~ 
fera (Pronst, iV. QeJiL 2, 98; Berard).— The seed of Amojuiim Grana 
^Paradisi (vSandrock, N. Pr. Arch. 73, 18) ; Croto'U Tiglium (Pelletier & 
CaTenton, Phijtoohe.in. 28); Ilura crepitans (Bonastre, J. Pharm. 10, 
479) ; Ignatia amara (Pelletier & Gaventoii, Ann, Chiin. Plugs. 10, 147) 
Pdcimcs commums {Geigei\ N, Tr, 2, 2, 173); Pper nigrum (Pelletier, 
Ann. Chim. Phjs, 16, 387); rice (Braconnot, Ann. Chim. PIu/s. 4, 7G); 
the seed of Schoemcaidon officinale (Pelletier & Oavcnton, Ann. Chim. 
Phys. 14, 69); maize (Stepf, J. pr. Cliem. 76, 88). 

Gum forms part of the exuded and hardened juice of the stems 
of acacia, apricot, cherry, almond, peach, and plum trees, of the juice 
of the lime tree (Riegel) ; of the juice of mang'old-mirzel (Kircher, 
Ann. Pharm. 81, 337) ; of the juice of Ptosa rubrifoJia (Addams, Phyto- 
chem. 16); of the milky juice of Ficus elastica (Nees v. Esenbeck & 
Marquart, Ann. Pharm. 14, 42) ; Galactodendron utile (Solly, Phytochem. 
75); Platanus occidentalis (John, Chem. Schrift. 4, 7); Lactuca virosa 
(Pfaff & Link, Mat. med. 6, 501) ; hence it is also found in swollen and 
hardened milky juice, the gimi'^resins of commerce, together with resin, 
as in lactucarium (Walz, Ann. Pharm. 82, 85), asafoetida (Hlasiwetz, 
Am. Pharm. 71, 23), myrrh, incense, sandarach, &c. Olibanum, also 
a guin-i*esm, contains a gum agreeing in properties with arabin. 
(Hekmeljer).— It occurs in gall-nuts (Guibourt, Ann. Pharm. 48, 859) ; 
in tbe manna of Eucalyptus dumosa (Anderson, W. Ed. Phil. J. 47, 132 ; 
J.pr. Chem. 47, 449); in trehala. (Guibourt, Coynpt. rend. 46, 1213). 

TJlceolaria escidenta (Kirchhoff, Phytochem. 95), Lecanora Parelht 
(Schimck, Ann. Pharm. 54, 257), and Parmelia parietina (Herberger, 
Pepe?‘t. 47, 179) contain gum. 

^Enumeration of Gums, whose preparation and behaviour with various re^agents are 
described in the following places : 1. Gum-acajou, the dried juice of Anacardtum 
occideniale (Trommsdorff, N. Tr. 22, 2, 254 ; Ludwig, N. Br. Arch. 82, S3). 
— 2. Gum Ammoniacum (Braconnot, Ami. Chim. 68, 73). — 3. From Valerian 
stalks (Bracconofc, Ann. Chim. 70, 288). — 4. Gum-bdellium (Pelletier, Bchw. 
5, 248). — 5. From the seeds of the Baobab tree, Adansonia digitata (Tauquelin, 
Schw. 35, 45). — 6. From Catechu {Pfaff Sysf. d. Mat. med. 2, 189). — 7. Gum- 
embaTi (Ludwig, N. Br, Arch. 82, 33; Gruner, Pharm. Centr. 1851, 352). — 
8. From Gentian roots, Gentiana hiiea (Braconnot, J. Phys. 84, 346). — 9. From 
Geoflfroya bark (Huttenschmid, Phytochem, 8). — 10. From Stage's morel (Biltz, N. 
11,2, 3). — 11. From the bulb and leaves of the hyacinth (Bostock, N. Gehl. 8, 573 ; 
Leroux, Scher. J. 7, 212; John, Chem. Schrift, 6, 14). — 12. From Alaize (Stepf, 
J. pr. Chem. 76, 92). — 13. From Misletoe-berries (Henry, Phytochem. 47). — 14. 
From Myrrh (Pelletier, Schw. 5, 254 ; Braconnot, Ann. Chim. 68, 55 ; Hekmeljer 
Scheih. Verhandl. 22, 167). — 15. Gum-opoponax (Pelletier, Schw. 5, 259). — 
16. Persian gum (Martius, An7i. Phamn. 21, 63). — 17. From Spanish pepper 
(Braconnot). — 18. From Rosewood (Guibourt, Ann. Pharm. 9, 227).^ — 19. From 
Saponaria-root (Schrader, Schw. 9, 139; Braconnot, J. Phys. 84, 289). — 20. From 
.Senna-leaves (Braconnot, J. Phys. Si, 281). — 21. From the tubers of Sun-flowers 
Phytochem. 67). — 22. From Tea-leaves (Mulder, Pogg. 43, 638). — 23. From 
Centaury (Schrader, Schw. 9, 143). — 24. From Juniper-berries (Trommsdorff, 
Phytochem. 79). — 24. From Frankincense (Braconnot, Chim. 68, '63 ; Hekmeljer, 

' Scheih. Verhandl. 2, 2, IC7). — 25. From Bryony {Phytochem. 37 Brandes & Firn- 
haber, JV. Br. Arehi, 3, 351). 

A few of the somewhat better known gums are added as an Appendix. 

In the Ammal Gockchafcrs, silk-wormSj and the liver and 
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gills of tlie craw-iisli contain a gum agreeing in its properties with 
arabin. (Stadeler, Ann. Pliarm. Ill, 2G.) 

Formation. From tJieisomeric loch/^ Metagurnmic acid . — 1. By bringing- 
this substance in contact -witli aqueous alkalis or alkaline earths. (Neu- 
baiiei'j Fremy). — 2. By boiling metagummate of lime with water (Gelis) ; 
hence also the insoluble part of cherry tree gum is rendered soluble by 
prolonged boiling with water ( Guerin- Yarry), more quickly with 
aqueous alkaline carbonates. (Fremy.) On the formation of gum by the 
hd:ic acid fermentation of cane-sugar, according to Bensch’s process (si, 475), see 
Cane-sugar; on the formation of gum by the decomposition of tannic acid, see that 
substance. — Hofmann obtained a gum agreeing with gum-arabic, by the spontaneous 
decomposition of pyroxylin (p. 1 75). Gum is formed by the continued boiling of sea- 
weed mucilage with dilute sulphuric acid. [Ed. Phil J. 25 j 409.) 

Preparation. From Gum-arahic. A solution of gum prepared with 
cold water and as concentrated as possible is mixed with sufficient 
hydrochloric acid to produce a strong acid re-action, and precipitated with 
alcohol: the precipitate is washed with alcohol, dissolved in water 
containing hydrocliloric acid, and again precipitated with alcohol : and 
the resulting precipitate is washed with alcohol till all the hydrochloric 
acid is removed. (Neubauer). — *5[. A strong solution of gum, mixed 
with 4 or 5 p. c. of hydrochloric acid, is subjected to dialysis until it 
no longer gives a precipitate with nitrate of silver. — in operating with a 
20 p. c. solution of gum, the proportion of ash can be reduced in this way to 0*1 p. c. 

in 5 days. — (Graham, PhiL Trans. 1861, p. 214, CJmi. Soc, J. 15, 257; 
Am. Pharm. 121, 53.) f . 

Properties. In the moist state, a milk-white amoi-phous mass, which 
becomes glassy and transparent when diy. Eecldens litmus. (Neu- 
bauer). Its power to redden litmus is comparable to that of carbonic 
acid ; 100 pts. arabic acid is neutralised by 2-85 pts. potash. (Graham.) 
Gum-arabic possesses l^vo-rotatory power (Biot & Persoz) ; for pure 
gum (f), [a] = 36° to the left. (Bechamp, Compt. rend. 51, 256.) 

On the colours and figures of gum-arabic in polarised light, seeRoussin {N. J. Pham. 

37, 411) — Diffusive power, half as great as that of tannic acid, 400 
times less than that of chloride of sodium. (Graham.) 







Neubauer. 





at 100°. 


mean. 




24 C 

144 , 

42-12 . 

........ 41-97 




22 H 

99 

6-41 . 

6-51 




22 0 

176 , 

51-47 , 

51-52 





342 , 

100-00 , 

100-00 





Gum-araiic or Gttni-senegah 




BerzeEus. 

Prout. 

Gbbel. 

Gay-Lussac 

8c Thenard. 

Berthollet. 

Saussure. 

c 

42-68 

........ 41-4 

42-2 .... 

..... 42-23 .... 

.... 43*90 

.... 45-84 

H 

6-37 

6*5 

6-6 .... 

G-93 .... 

6-86 

.... 5-46 

0 

50-95 

52-1 

51-2 ... 

..... 50-84 .... 

49-24 .... 

.... 48-70 


100-00 

100-0 


100-00 .... 

100-00 

.... 100-00 
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Gu^rin-Varry. 


Mulder. 



a. 

b. 

a. 

b. 

c. 

c 

43-81 . 

... 43-59 ... 

44*6 

.... 44-40 

... 44*70 

H 

6-20 . 

... 6-23 ... 

6*1 

.... 6*09 ., 

... 6-09 

O 

49-99 ., 

... 50T8 ... 

49-3 

.... 49-51 

... 49-21 


100-00 . 

... 100-00 ... 

100*0 

.... 100-00 ., 

... 100-00 


The analyses of the gums, with the exception of Mulder’s, were calculated according 
to the old atomic weight of carbon. — Guerin- Varry analysed gums dried at 125®, a. 
gum-arabic, b. gum-senegal. Mulder, gums dried at 130° ; a. gum-arabic, h. gum- 
Senegal, c. Java gum. The other analyses relate to the substance dried at 100®. 

The earlier formulae were deduced from the analyses of gum-arabic ; for air-dried 
gum, (Ure) ; gum dried at 100°, (Prout), (Berzelius, 

Liebig), gum dried at 125°, C^^jjiOQio (Guerin- Varry, Mulder). Gum-arabic dried at 
100° gives off 1 at. water at 120°, and is then (Gelis). — On the specific 

gravity of gum-arabic, and the amount of ash which it yields, see Arabate of Lime, 

Deco7npositions. 1. Arabic acid, which in the moist state dissolves 
readily in water, becomes insoluble after drying at mean temperature, 
or at 100°, and, when water is poured upon it, swells up to a jelly, Hke 
frog-spawn. (Neubauer, Graham.) Doubtless in consequence of the forma- 
tion of metagummic acid (Kr.). Gum-arabic dried at 120° becomes inso- 
luble, but without loss of water when heated for some time to 150° 
(Gelis), being converted into metag'ummate of lime (Fremy), Gum- 
arabic roasted with oxalic acid yields oxalate of lime and metagummic 
acid (Fremy). Arabic acid heated for some time to 170°, gives off 
8*17 p. c. of its weight and turns yellowish brown (Neubauer). 

Gum-arabic turns yellow between 135° and 140°, becomes darker 
as the temperature rises, gives off, between 166° and 180°, the empy- 
reumatic odour of burnt sugar, then assumes a brown colour, and be- 
comes partially insoluble in water (Mulder). After drying at 100°, 
it loses 2*6 p. c. of its weight when heated to 150° — 177°, and turns 
brown (Prout), at the same time producing an acid. (Yaudin, J, 
Pkarm. 9, 193.) 

Gum-arabic yields by c/ry distillation a gaseous mixture, consisting 
of carbonic acid, hydrogen, carbonic oxide and hydrocarbons, a distil- 
late of empyreumatic acetic acid, and a residue of charcoal mixed with 
carbonate of Mme, and a little phosphate (Cruikshank). 100 pts. gum 
yield 53*9 pts. of a thick brown distillate less acid than that obtained 
from sugar, and leave 28*6 pts. of charcoal and ash. (YauqueUn, Bulk 
Fliarm, 3, 49.) 

2. When dry air at 14° is passed over gum-arabic, a large quan- 
tity of carbonic acid is formed. (Karsten, Bari Ahad, Ber. Jan. 1860 ; 
J,pr, Chem, 79. 226.) 

3. The aqueous solution of gum turns acid on standing (only when 
air has access to it, according to Guerin- Yarry), and after a very long 
time produces a peculiar sugar, which turns the plane of polarisation 
of a luminous ray to the right, -} less than grape-sugar, and does not 
form mucic acid with nitric acid (Fermond. Berthelot Chim. orq, 2, 260). 
According to Maimiene {CompU rend. 39, 914; J. pr. Chem. 64, 147) it 
does not change either at ordinary or at higher temperatures, and pre- 
serves its 1 ‘otatory power unaltered for months. 

4. When oil of vitriol is covered with a layer of very strong solution 
of gum, the gum, after standing for some hours, is completely con- 
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rcrted into metag'umniic acid. (Fremy.) Gum-arabic previously freed 
from lime by oxalic acid is not converted into metagmiumic acid under 
these circumstances (Fremy). — ■ WTien pulverised gum-arabic is tritu- 
rated until oil of vitriol, it becomes coloured, after some hours ; and on 
diluting with water, neutralising with chalk, then filtering the solu- 
tion, and evaporating, sulphognmniic acid remains, together with a 
peculiar gum resembling that wliicli is produced from linen by the 
action of sulphuric acid (Braconnot), and not capable of fermenting 
vnth yeast (Guerm-Yany). Gmn heated with oil of vitriol, becomes 
carbonised, and forms water together with traces of acetic acid (Proust, 
A. Geld. 3, 43), artificial tannin (Hatchett), and malic acid (Link). 

The aqueous solution of gnm-arabic, when left to stand for some 
tniio in contact with dilute sulphuric acid; loses its Isevo-rotatoiy 
porver — more quickly when heated or boiled Avith the acid — and, if the 
temperature be gradually raised to 96^, quickly acquires dextro-rota- 
tory power, Avhicli remains unaltered after prolonged boiling. At the 
moment when the rotatory power chang-es from left to right, the 
solution contains g'um- dextrin, precipitable by alcohol, resembling gum- 
arabic when diy, yielding mucic acid with nitric acid ; but after boiling 
for some time, it is no longer precipitable by alcohol, and then con- 
tains a fermentable sugar (Biot & Persoz) ; probably identical with 
galactose, the product obtained from milk-sugar by the action of acids. 
(Bertlielot, Chim. org. 2, 219.) 

The acid mixture of gum-mucilage and dilute sulphuric acid, if left 
to cool before it ceases to be precipitable by alcohol, deposits flocks 
containing gmin-dextrin mixed with gypsum. If the former be re- 
moved by washmg’ with acidulated water, and the latter by boiling 
A\dth dilute soda-solution and subsequent washing* with acidulated 
water, the tiocks dissolve at the moment when aU the acid is removed, 
forming an optically inactive mucilage. (Biot & Persoz, Ajir. CMm. 
Fhjs. 2, 249.) 

5. When gum-arabic is heated with water, bicarbonate of potash, 
and iodine^ iodoform is produced. (Millon, Compt rend. 21, 828 ; J. 
2)r. Chem. 37, 53.) Iodine does not colour gum-arabic (Ludwig); 
aqueous iodic acid decomposes it at the boiling heat. 

6. Powdered gum absorbs cMorine gas, with evolution of carbonic 
acid, tinning broivn and deliquescing to a compound of decomposed 
gum, with iiydroclil’oric acid. (Bouiflon-Lagrange & Y ogel.) — Gum 
re-acts Auith chlorine, either moist or dry, exactly like starch (p. 83), 
(Liebig). Chlorine gas passed through the aqueous solution, appears 
to form citric acid (Yauquelin). Guerin-Yany and Smioniii were not 
able to find tWs acid. — WTien chlorine gas is passed for some time 
through a dilute solution of gum, the liquid, after standing for some 
time, deposits white flocks, which have an acid re-action, even after 
washing, smell like chlorine, and contain chlorine, nitrogen, and gum 
(Guerin- Yarry). When a gp.m-solution saturated by the prolonged 
passage of chlorine is neutralised with chalk, and the filtrate evapo- 
rated to a syrup is mixed Avitli alcohol, a pasty lime-pit soluble in 
water is precipitated, whereas on supersaturating with hydrate of 
lime, an insoluble lime-salt is obtained. The latter, decomposed with 
sulphuric acid, yields a peculiar, non-crystallisable acid, whose solution 
is precipitated by neutral acetate of lead, but not by nitrate of silver. 
(Simonin, Ann, Chim, Fhjs, 50, 319.) 
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7. Powdered gunr absorbs hyrocliloric acid gas and deliquesces 
to a soft brown mass, from wMch snlplmric acid eliminates hydrq- 
cbloric acid. (Bouillon-Lagrange & Vogel.) Fuming bydrocliloric 
acid dissolves gum with brown colour, and separates carbonic 
acid on cooling. The solution, after being neutralised with ammonia, 
leaves on evaporation a residue which is soluble in alcohol, melts when 
heated, and smells like burnt sugar. (Pourcroy.) 

8. Grum immersed in fuming nitric acid is converted into xyloidin 
(Braconnot), nitro-gum (Bechamp); when immersed in niirosulplmric 
acid, it is converted into an explosive substance resembling pyroxylin 
(Flores-Pomonte & Menard, Svanberg) ; into binitro-gum (Bechamp.) 
— Gum heated with moderately concentrated nitric acid, is decom- 
posed, with formation of mucic acid(Foiircroy & Vauquelm), saccharic 
acid (Guerin- Yarry), oxalic and tartaric acids. (Liebig, Ann. Pharm. 
113, 4.) 

a. When 1 pt. gum is triturated in a cooled mortar wnth 3 pts. 
fuming nitric acid, and after complete solution, the still gummy liquid 
is diluted with 20—30 pts. water, a precipitate is formed consisting of 
dextro-rotatory nitro-gum which, after washing and 

drying, cakes together into a homy mass, and dissolves in alcohol of 
90 p. c., whence it is obtained as a white mass wliich becomes electric 
by friction. (Bechamp.) — When a solution of 1 pt. gum in 5 pts. 
fuming nitric acid is precipitated by 3 pts. oil of vitriol, and the cake is 
comminuted and suspended in 20 — 30 vols. water, a hard precipitate is 
obtained which remains pulverulent after drying, and yields to alcohol 
95 p. c. of dextro-rotatory binitro-gum, C^®H®0®,2N0^ whilst another 
compound remains dissolved. (Bechamp, Compt. rend. 51, 256.^ — See 
also Flores-Domonte & Menard, Compt. rend. 24, 89; N. J. Pharm. 12, 159;^Svan- 
berg, Berzel. Jahresber. 27, 394; — Reinsch, Jahrh.pr. Pharm. 481, 102.) 

1. Gum-arabic heated with an equal weight of nitric acid of sp. gr. 
1*34 is but partially decomposed; with two parts of the acid, it is de-| 
composed, with fomiation of saccharic acid ; heated with 4 pts. nitric'l 
acid, it yields 16*88 p. c. mucic acid and a small quantity of oxalic acid; \ 
with 6 pts. or more of nitric acid, a smaller quantity of mucic but a 
larger quantity of oxalic acid is obtained. (Guerin-Yarry.) Respecting 
the formation of tartaric acid, see Milh-mgar, The saccharic acid produced at the 
same time (xi. 513) was formerly mistalcen for malic add. — Guin-arabic, wlhch is 
Igevo-rotatoiy, becomes dextro-rotatory under the influence of nitric 
acid (and indeed by the action of dilute acids in g'eneral), this power, 
however, becoming weaker as the oxidising action of the nitric acid, and 
the formation of mucic acid begin and advance. The hquid now acquires 
leevo-rotatory powmr equal to that which the giun-arabic originally 
possessed, then exhibits indications of the presence of oxalic acid, and 
again loses part of its vo-rotatory power, without however becoming 
quite inactive, inasmuch as a Isevo-rotatory substance remains dissolved 
in the mother liquors. Hence the mucic acid appears to be formed 
from a dextro-rotatoiy, the oxalic acid from a Igevo-rotatory substance 
contained in the gum. (Duhrunfaut, Compt, rmd. 42, 232.) 

9, Gum heated in sealed tubes with bromine, yields a colourless 
or^ yellowish liquid, probably which, when treated wnth 

oxide of silver, oxide of lead, or caustic soda, is converted into 
isohgiffcokthylemc acid (Barth & Elasiwetz : see p. 232). 
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10. By ga.mous fluoride of boron gum is slowly liquefiedj without 
blackeuing. (Bcrtiielotj iVh CJiim. Phjs. 38, 38.) — 11. Gum on 
which warm aqueous arsenioiis acid is poured, turns brown, perhaps with 
formation of sugar. (Baumann, Pf. Br. Arch 37, 50.) — 12. Heated 
for some time with aqueous osmic ackl^ it yields oxalic acid, probably 
also acetic acid, and a substance precqAtable by basic acetate of lead. 
(Buttlerow, J.pr, Chem, oG, 276.) 

1.5. Gum heated to 150^ with aqueous ammonia, is converted into a 
brown nitrogenous mass, resembling that which is produced under 
similar circumstances, from starch (p. 87). (Schiitzenberger.) — 14. 
Heated with 4 — 5 pts. hydrate of q'^otash and a small quantity of 
water, it is decomposed, with fomiation of oxalate of potash (Gay- 
Lussac), also of carbonate, formiate, acetate, and proinonate of potash, 
•with the same appearances as are observed in the corresponding- 
decomposition of starch or of cane-sugar (Gottlieb ; see vn. 135 ; xv. 88 ; 
also Cane-sugar). — 15. By the dry distillation of powdered gum with 
8 pts. quicMime, an oily distiliate is produced containing- acetone (ix. 1.) 
and a small quantity of metacetone. (Fremy, Ann. CMm. Fliys. 59, 6.) 

16. Aqueous gum-solution mixed with a small quantity of nitrate 
of silver, reddens immediately in sunshine, gradually in diffused day- 
light, and gradually deposits metallic silver. (Rouchas, J. Pkarm, 
17, 116; N. Tr. 24, 2, 187). — 17. AopSiQOXLB. f err icy ankle of potassium, 
ill presence of free alkali, oxidises gnim to carbonic acid and water, but 
less quickly than cane-sugar. (Wallace, Chem. Boc. Qu. J. 7, 77 ; J. p7\ 
Chem. 64, 77.) 

18. Gum-solution docs not ferment in contact witli yeast (Oruik- 
shank), it is not altered by the saliva or the gastric juice. (Frerichs ; 
Blondlot, Handh. Zoocliemie, ^nii, 577.) Gum left in contact with 
cheese and eliaUc in a warm place, yields alcohol and a small quantity of 
lactic acid, without previous formation of yeast, but neither mannite 
nor glycerin. (Berthelot, JSf. Ann. Chim. Phys. 50, 365). 

Combinations. With Wate}\ — Air-dried gum-arabic contains water, 
which escapes in vacuo, or when the gum is heated. For further details, 
see Arabaieof Lime (p. 201), 

Moist arable acid dissolves readily in wmter, foi*ming- a solution 
which is not precipitated by alcohol unless the arabic acid contains 
mineral acids or salts. A drop of nitric acid, liydrocbloric acid, or 
solution of common salt added to the solution mixed with alcohol, pro- 
duces complete precipitation. (Neubauer). Similar appearances are pre- 
sented by the mucilage of Gummi arabimm eleeium^ when it is mixed with, twice its 
volume of alcohol of 76 vol. p. c. A drop of hydrochloric acid or solution of com- 
mon salt produces coagulation 5 a larger quantity of either liquid dissolves the whole, 
"With other sorts of gum-arabic, alcohol likewise produces coagulation which disappears 
on addition of hydrochloric acid. (Ludwig, iV. Bi\ Arch. 82, 155). According to 
other statements, gum-mucilage is precipitated by alcohol, even if it contains only 
p. c. of gum. (See also Preparaiion of arabic acid, p. 197.) 

The aqueous solution of gum-arabic or gmn-senegal is called 
Alucilage {Mucilago, Cummischleim). It is more or less viscid, glutinous, 
transparent or translucent, colourless to pale yellowish brown. 100 pts. 
of w-atcr at 15° dissolve 100 pts. of g-um-arabic ; at 100% from 108 to 
116 pts. (Herberger); of guni-senegal, 100 pts. water dissolve 72 pts. 
at 15°, and 96 pts. at 100° (Herberger); according' to Guerin- Yarry, 
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18*5 pts. at 20°, aud 21*14 pts. at 100°. — Alucilage is tliickeiied by 
lorafes^ not by free boracic acid, or free allcali ; acids restore the 
fluidity (ScMller,^er/. Jahrh, 1808, 186 ; Biicbholz, Taschenh. 1811, 288 ; 
Lambert & Gresecke, Seine. 43, 491 ; Vog-el, Br.Arcli. 17, 50 ; Herbor- 
ger ; Ludwig), Mucilage is precipitated by sulphate of soda (Barreswil, 
Mi. J. Plmrm. 17, 124) ; clouded aud precipitated in white flocks by silica- 
solution. (Thomson, Herberger), not, according to Guerin- Varry.— 
Aqueous ferric sulphate causes mucilage to coagulate to a jelly (Bra- 
connot), an effect lilcewise produced by ferric chloride. Gum-solution 
mixed with a small quantity of a ferric salt is not precipitated by 
alkalis, (Rose.) 

With Bases. Arabic acid unites with alkalis and alkaline earths, 
forming arahates^ which are precipitated from their aqueous solutions 
by alcohol. It decomposes alkaline carbonates, and expels the carbonic 
acid. (Neubauer.) 

Aralate of Potash. Precipitated by alcohol from the solution of 
arabin in potash-ley free from carbonic acid. (Neubauer.) 


at lOG'’. 



Neubauer. 

36 C 

.... 216*0 

... 40*52 

.... 40*24 

30 H 

.... 30*0 ., 

... 5*63 

.... 5*72 

30 0 

.... 240*0 

... 45*03 

.... 44*80 

ICO 

.... 47*2 . 

... 8*82 

.... 9*24 

3Cl2Hl‘*O^^KO 

.... 533*2 . 

... 100*00 

.... 100*00 


So according to Neubauer, 

Submitted to dialysis, it loses potash, arabic acid remaining with 
an acid re-action. (Graham.) 

Aralate of Baryta . — From the solution of arabic acid in excess of 
baryta- water, alcohol throws down a iDrecipitate containing 17*62 p. c, 
baryta. If excess of arabic acid is present, the precipitate contains 
from 10*93 to 11*15 p. c baryta, and dissolves in water forming a 
gummy liquid. (Neubauer.) 


at 100*^. Neubauer, 

24 C 144*0 .... 36 .... 36*63 

20 H 20*0 .... 5 .... 5*16 

20 O 160*0 .... 40 .... 40*59 

BaO 76*5 .... 19 .... 17*62 

2Ci=H^0OibBaO 400*5 .... 100 .... 100*00 


Aralate of Lime. — ^Gum arabic forms with lime a compound which is decomposed 
by the carbonic acid of the air (Kublmann, Ann. Pharm. 27, 22) and deposits pentaliy- 
drated carbonate of lime- (Pelouze, Ann. Chim. Phys. 48, 307.) The solution exposed 
to the current of the voltaic battery deposits hydrated carbonate of lime with the same 
appearances as a solution of lime in sugar, (Becquerel, Ann. Chim. Phys. 47, 12.) 

a. 'When aqueous arabic acid is mixed with excess of an ammo- 
nical solution of chloride of calciimi, and alcohol added, a precipi- 
tate is obtained, which after drying at lOG", has the comimsition 
(Hckmeljer).— A When arabic acid is boiled 
with water and excess of milk of lime, alcohol throws down from the 
strongly alkaline filtrate, a gummy precipitate which contains 8*51 p.c, 
lime and absorbs carbonic acid from the air. (Neubauer).— c. By dis- 
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solving arabic acid in lime-water and precipitating with alcohol, a pre- 
cipitate is formed which contains 2*95 p. c. lime, and dissolves in 
water, forming- an alkaline mucilage. If a smaller quantity of lime- 
water be used, the precipitate contains from 2*14: to 2*55 p. c. lime, 
and has an acid or neutral re-action. 


According to h, Neubauer. 


at 100°. 

24 C 144 .... 40*90 .... 40*45 

20 H 20 .... 5'68 .... 5-70 

20 0 IGO .... 45*47 .... 45*34 

CaO 28 .... 7*95 .... 8*51 


2 352 .... 100*00 .... 100*00 

According to c, Neubauer. 

at 100°. 

72 C 432 .... 43*2 .... 43*07 

60 H 60 .... 6*0 ...» 6*35 

60 O 480 .... 48-0 .... 47*63 

CaO 28 .... 2-8 .... 2*95 


6 C^^xpooio^CaO 1000 ....100-0 ,...100*00 


The gum-arabic and gnm-seiiegal of commerce consist essentially 
of arabate of lime mixed with arabate of potash ; hence when burnt, 
they leave about 3 per cent, of ash consisting for the most part of 
carbonate of potash and carbonate of lime. — Sp. gT. of gum-arabic = 
1*355 (G-uerin-Yarry), 1*49 (Herberger): of gum-senegal, 1*43 (Guerin- 
Yarry), 1*62 (Herberger). Reddens litmus. In the air-dried state, it 
contains from 12*4 to 17 p. c. hygi'oscopic water which escapes when 
the gum is heated (see also Gelis, p.l98. On the composition of the ash of gum- 
arabic, see Lowenthal & Hausmann, Anu» PhavTii^ 89, 112). A.lcohol extiacts 
from gum-arabic or gum-senegal, 0*4 — 0*5 p. c. glucose. (Ludwig 
JS^Br.Arcli, 82, 39.)' 

Ar abate of JSmfA— Basic acetate of lead added to aqueous arabin 
throws down a wdiite precipitate which contains 30*64 p. c. oxide 
of lead, turns yellow at 100% brown between 160° and 180°, and 
after prolonged washing, stiU retains 27 p. c, oxide of lead. (Neu- 
bauer.) 


at 100°. Neubauer, 

36 C 216*0 .... 30*46 .... 30*88 

30 H 30*0 .... 4*23 .... 4*33 

30 0 240*0 .... 33*85 .... 34*15 

2PbO 223*4 .... 31*46 .... 30*64 


3 C^2Hioow^2PbO .... 709'4 .... 100*00 .... 100*00 


Gum-mucilage dissolves oxide of lead (Peschier, J". Pharm. 3, 509), 
forming a heavy, coherent compound (Berzelius). Gum-mucilagc is 
not precipitated by neutral acetate or nitrate of lead, but the basic 
acetate or basic nitrate produces a copious white precipitate [the 
basic acetate even in very dilute solutions (Stadeler, Ann, Pharm, 111, 
26}]. a. When the mncilage is mixed with basic acetate or nitrate of 
lead, or when nitrate of lead is added to slightly ammoniacal mucilage 
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till the alkaline re- action disappears, but not till the whole of the gum 
is precipitated ; the curdy precipitate, which is very friable wlieu dry, 
contains 38*^55 p. c. oxide of lead (Berzelius, LeJirb. 3 Auli C, 400) from 
37-0 to 38*1 p. c. (Pdegel, jS\ Br. Arch. 56, 155). When mucilage is 
dropped into an excess of basic acetate of lead, the precipitate, after 
drying at 130% contains 37*27 p. c. oxide of lead, but when the 
basic acetate is added to excess of inucilag'c, the imccipitate contains 
30*15 p. c. (Mulder.) 

Arahate of Copper. — From an aqueous solution of arabiii mixed 
vnih. acetate of copper, alcohol throws down a precipitate of the 
formula CuO + (Hekmcljer).— When aqueous gmm- 

arabic is mixed with potash-ley, and then with sulphate of copper, a 
blue precipitate is formed, which is insoluble in pure water, and docs 
not blacken even at the boiling heat. (Trominer, Ann. Fharm. 39, 360.) 

The sky-blue precipitate is permanent in the air, turns brown after 
immersion for some time in boiling water, and after drying in vacuo, 
contains 40*2 p. c. cupric oxide. (Lassaigne, J. cMm. mM. 182, 416.) 
When gum-mucilage is mixed with a small quantity of sulphate of 
copper, then with excess of potash-ley, and slightly warmed, an azure- 
coloui’ed" solution is formed, wdiich remains clear and blue wdien 
boiled. If the gum contains sugar (which can be extracted by alcohol), 
the protoxide of copper is reduced to dioxide (Ludwig, N. Br. Arch. 
82, 157).' — When gum-mucilage is boiled for a long time with 
aqueous cupric acetate, a brown precipitate separates, and the filtrate 
after standing for a while deposits red cuprous oxide. (Peschier, J. 
Pharm, 3, 609.) — Gum dissolves in aqueous cuprammonia (Cramer, J, 
pr. Chem. 73, 15), and when added to a solution of cellulose in that 
liquid precipitates the cellulose completely. (Schlossberger, Ami. 
Pliarm. 107, 24.) 

Gum-solution dissolves mercurous and mercuric oxide. (Peschier, J. 
Pliarm, 3, 509.) It fomis a white precipitate with mercurous nitrate, 
hut does not precipitate mercuric salts or terchloride of gold (Pfaff). 
It is not precipitated by infusion of gcdls (Pfaff). — Concentrated 
gum-mucilage is not precipitated either by indigo or by carmine. 
Masclike, J.pr. Clwn. 76,47.) 

Arabic acid and gum-arabic are insoluble in alcohol and in ether. 
Alcohol frees gum-arabic from foreign substances. — Glgcerln dissoh’es 
gum-arabic (Cap & Garot, Ah J* Pharm. 26, 81). 

Gelatin. — On mixing solutions of arabic acid and gelatin, 
oily drops are precipitated wdiich solidify to a nearly colourless jelly 
by" standing. This compound, melts at 25°. It may be wmshed with 
wmter without decomposition, hut is sHghtly soluble in warm water, 
more so in solution of gelatin. The oily drops and the jelly contain 
83*5 p. c. water. Prepared with excess of arabic acid, and dried at 
100°, it contained 100 pts. arabic acid to 59 pts. gelatin. Solution of 
gelatin is not precipitated by solution of unpurified gum, or by solu- 
tion of arabate of potash. (Graham, Phil. Trans. 1861, p. 215 5 Chem, 
Soc. Q10 /. 15, 258 5 Aim. Pharm. 121, 57). ^ 



MliTAGUMMIC ACID. 


■205 


Apjmidix to Aralic Acid and Gum. 


1. Gum from Garnhoge. — When gamboge is exhausted with ether 

and absolute alcohol, the residue boiled with water, concentrated 
and precipitated by water, a gummy precipitate is obtained, which 
may be freed from colouring matter by washing with alcohol. — After 
drying at 110^ and trituration, it forms a pale yellow powder, contain- 
ing 44*47 p. c. C., 6*16 H., and 49*37 0., therefore — With 

nitric acid, it yields inucic acid, and with dilute siilphmic acid, after 
12 hours’ boiUiig*, a red-brown, reiy sweet, noii-fermentable sugar. 
(Buchner, Ann. Fharm. 45, 89.) 

2. Gum from IpecacuanJia rooA— The decoction of the root is freed 
from phosphoric acid by precipitation with neutral acetate of lead; the 
hltrate is precipitated wnth basic acetate of lead, the washed precipi- 
tate is suspended in water and decomposed by sulplim*etted hydrogen ; 
the liquid filtered from the sulphide of lead is concentrated to half its 
bulk ; and the gum is precipitated with alcohol of 98 p. c. It contains 
44*45 p. c. 0., 6*31 H., and 49*24 0. (Willigk, Wien. ATcad. Ber. 5, 
190.) 

3. Gum from fermented 2IangoJd-iimrzel Juice. — The juice is preci- 
pitated with alcohol; the precipitate washed and dissolved in water; 
the solution precipitated wntli basic acetate of lead ; the precipitate 
decomposed under water with sulphuretted hydrogen ; and the filtrate 
evaporated to dryness over the water-bath. — Transparent, vitreous, 
scarcely coloured mass, resembling' gum-arabic. Contains 40*89 p. c. 
C., 6*10 H., and 53*01 0. (Kircher, Ann. PJiarm. 31, 337.) 


Metagummic Acid. 

A. GrfiiJS. Compt 44, 144; AC J. Pliarm. 31, 216 ; J, Chem. 
71, 378. 

Peeiiy. CompiL 50, 124; X.J. Pharm. 37, 81; abstr. Chem. Cerdr. 
1860, 607. 

See page 193. 

Perhaps specious modification of arabic acid. (Graham). 

The a-cid in combination with lime forms Cerasin, the constituent of 
cherry, plum, apricot, peach, and almond tree gum, which is insoluble 
ill water, and, according to Fremy and Gelis, is identical with- the 
insoluble compound formed from gum-arabic. 

Cherry tree gum is a mixtoe of arabin and corasin in variable pro- 
portions (Scbmidt) ; it contains 34*9 p. c. cerasin, 52*1 p. c. arabin, and 
from 1 to 3 p. c. ash and water. ' (Guerin- Varry.) Qummi Cmmrmn 
boiled with water leaves a residue of bassorin-Jelly, whereas Gummi 
Pei'skomm dissolves almost completely. Both contain a certain quan- 
tity of glucose, the latter also tannic acid. (Ludwig, Ah Br. Arch. 82, 
152). Almond tree gum is almost wholly soliilde in water. (Landerer, 
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82.) — The gum of the cherry tree and of the other trees 
above-mentioned exhibits the same composition, nearly agreeing with 
the formula (Guerin- \^arry). When cherry tree gum is 

evaporated with water and hydrochloric acid, alcohol added to the 
solution, which has become mobile, throws down a gum containing 
4A'26 p. c. C., 6 ‘2 7 H., and 49*47 0., therefore (Schmidt, 

Afin. FJtarm. 51, 38.) 


Formation and Preparation. 1. When oil of vitriol is covered with 
a layer of a syrupy solution of gum-arabic, the gum is converted into 
metagummic acid, which may be removed, washed and dried (Fremy). 
— 2. Gum-arabic heated for some time to 150° becomes insoluble in 
water (Gelis), and is converted into metagmmmate of lime. (Fremy, see 
pp. 194, 198.) — 3. Gum-arabic undergoes the same transformation when 
roasted with oxalic acid. (Fremy.) — 4. Keubaiier’s arabin is ren- 
dered insoluble in water by drying, doubtless from conversion into 
metagummic acid. 

Cerasin is obtained from cherry tree gum by dissolring out the 
arabin with water, at 20°, and drying the un dissolved portions over 
the water-bath. As thus prepared it is a colourless, semi-transparent, 
very friable mass, which contains 8*4 p. c. water and leaves 1 p. c. ash. 
It swells up in cold water without dissolving. (Guerin-Yany, Ann, 
€Mm, Fhjs. 49, 274.) 

Metagummic acid prepared from gum-arahic with oil of wtriol 
contains on the average, 40*96 p. c. C., 6*02 H., and 53*02 0. (Fremjn) 
Its formula is as appears from Neuhauer’s analysis of ara- 

bin (more con'ectly, that of metagummic acid. Kr. see page 197.) 

lletagmnmic acid is not altered by boiling with water^ but when 
boiled with alkaline water, or with a small quantity of lime, it is con- 
verted into an arahate of the alkah or of lime. (Fremy.) In like 
manner, natural cerasin — in so far as it contains lime— (Guerin-Yany) 
and metagummate of lime obtained by heating gum-arabic (Gelis), are 
dissolved boiling with water. Natural cerasin likewise dissolves 
more easily when boiled with water, after addition of an alkaline car- 
bonate, and with separation of carbonate of lime. (Fremy.) — Cerasin 
boded with nitric acid of sp. gr. 1*139 yields as much mucic acid as 
gum-arabic. (Guerin-Yany. 

Insoluble in alcohoL 


Bassorin. 

or 


Guiehix-Yaert. Ann, CMm, Flips. 40, 248 and 51, 222. 

Mulder. J. 2>r. Chem. 15, 207 ; further, 37, 338. 

Schmidt. Ann, Fharm, 51, 29. 

LuDWia. A" Br. Ai^cli. S2, 38 and 153. 

(Bnchholz), TragmtUn^ Adragantldn^ Berzelim^ Vegetalh Muem in 
part — The part of Bassora-gum, gum-tragacanth, and other gums, 
which is insoluble in water and swells up therein. 
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Sources, In Bassova or Kutera gum whicb, according to Vanqnelin 
and Fremy, consists almost wholly of it, according' to Guerin- Varry, 
of 61*31 p. c. bassorin, together with arabin, ash and constituents 
soluble in alcohol. See, on this subject, Guerin-Tarry, Giiibourt {J. Chim, mid, 
8, 419 j Ann. Pharm. 9, 225), Tauquelin (Bull. Pharm. 3, 52), Ludwig (IT. Br.Arch. 
82, 32). — In (Trommsdorff, jS\ Tr. 22, 2, 252). — In the gum 

of Cactus opuntia (Bazin & Gnibourt, J. Pharm, ,20, 525 ; Trommsdorff, 
N, Tr. 19, 2, 35). — In Gummi Smarubce (Ludwig). — In false gum- 
tragacauth (N. t. Esenbeck, Mag. Pharm. 25, 241 ; Brandes, Mag, 
Pharm. 33, 4),-- Gum tragacantJi contains, according toBuchholz {Tas- 
chenh. 1815, 83) 57 p. c. arabin and 43 p. c. bassorin, together with 
starch (but not always, according to Flaschhoff, Br. Arch. 21, 222.), the brOWn SOlt 
containing more starch than the white, and consequently turning blue 
with iodine (Fromberg, Mag. Pharm. 1826, 15, 169 ^ Planche, J. Pharm. 
13, 25). According to Guerin-Varry, it contains 53*3 p. c. arabin, 
33*1 p. c. bassorin, 11*1 p. c. water, and 2*5 p. c. ash; according to 
others, little or 210 arabin. It leaves 3*57 p. c. ash (Lowenthal & Flaus- 
maiin, Arui. Pharm, 112); contains on the average 16*35 p. c. 
water (Ludwig, N. Br, Arch. 82, 38). Boiling alcohol extracts from 
tragacanth 1*56 p. c. : the solution was found to contain a bitter sub- 
stance, sugar being found in it only once. — On the microscopical constituents 
of gum-tragaoanth, see Mohr (Bot. Zeit. 18.57, 37); Hai-tig (EntwicM. d. Ffanzenh. 39) 
Maschke (j. pv. Chem. 76, 49). 

Gum-tragacanth dried at 17*5^ contains 40*5 p. c. G., 6*61 H., and 
52*82 0. (Hermann.) Select gum-tragacanth dried between lOO'^ and 
110° contains 45*25 p. c. 0., 6*00 H., and 48*75 0., after deduction of 
1*75 p. c. ash. (Schmidt.) 

Preparation, Gum-tragacanth or Bassora-gum is exliausted with 
cold vrater, and the insoluble residue is (hied. (Guei’in-Yarry.) 
Trommsdorff employs acajou-gum, and washes the residue likewise 
with alcohol. 

Schmidt pours cold water on lumps of pure gum-tragacanth ; leaves 
them to stand for 24 hours ; agitates the swollen mass with alcohol 
containing hydrocldoric acid, till it cakes together ; decants the alco- 
hol from the lumps ; suspends them in water ; again agitates with 
alcohol containing hydrocMoric acid, — and so forth, till the liquid 
which runs off no longer leaves any residue ; then removes the 
adhering acid by 'washing with alcohol, and dries the residue on glass 
plates. The product thus obtained must contain arabin, if that substance was pre- 
sent in, the tragacanth. (Kr.) 

Propej'ties. Golouiless, semitransparent, difficultly friable gum; 
when prepared from tragacanth, it forms dhty white scales. (Gue'rin- 
Yarry.) Inodorous and tasteless. Permanent in the air. — See also 
Maschke (X i?r. Cte. 76, 48). — Not digestible. (Frerichs, Emdh, Zoo- 
chm, viii. 577.) 


Gueriu-Yarry. Schmidt. Mulder* 

mean, mean, 

a, h, 

12 C........ 72 .... 44*44 .... 37‘28 .... 35*79 44*86 .... 45*30 

10 H .... 10 .... 6*17 .... 6*85 .... 7*11 ........ 6*20 .... 5*85 

100 .... 80 .... 49*39 .... 55*87 .... 57*10 48*94 .... 48*85 


.... 100*00 .... 100*00 „„ 100*00 100*00 .... 100*00 
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So, according to Schmidt. His bassorin still left C’65 p. c. ash, and when further 
heated to 170®, lost 5*22 p. c. water, after which its composition agreed with the formula 
— a. From Bassora-gum; b. from gum-tragacanth, after deduction of ash 
= (Guerin-Varry). Isomeric with arahic and metagummic acids, but differs 

from both (Fi’eniy, iV. /. PAarnz, 37, 81). According to Mulder, it is ; he 

is of opinion that Schmidt’s bassorin was most perfectly dried. 

Decompositions. 1. Gum-tragacantli dried at 100° in a current of 
airj becomes yellowisb wketi heated to 140°, loses at tlie same time 
1*73 p. c. of its weig'htj and at 150° decomposes with stronger colora- 
tion (Mulder, tid. svp). — 2. Gum-tragacanth yields by dry distillation 
carbonic acid and combustible g'as, pyromucic acid containing a 
little ammonia, and leaves charcoal, tog'ether with carbonate of lime 
and a small qnantity of phosphate. (Cruikshank.) — 3. Tragacanth- 
miicilage prepared with water acquires, after standing for some 
weeks, the odour of sour paste and butyric acid. (Guerin- Yarry.) 
— 4. Bassorin heated with nitric acid yields 22*6 p. c. miicic acid 
and a small quantity of oxalic acid (Guerin -Yarry) j gum-tragacanth 
likewise yields mucic (saccharic ?) acid, and oxalate of lime (Scheele ; 
Laugier, Ann, Chim. 72, 82.) strong nitric acid converts tragacanth into 
xj'loidiu. (Braconnot.) It causes bassorin to swell up in the cold and when heated 
with it, forms a solution precipitable by alcohol; weak nitric acid dissolves bassorin only 
when heated, forming a solution precipitable by alcohol. (Trommsdorff. ) — 5. Bas- 
sorin is not altered by cold oil of vitriol^ but is carbonised when heated 
with it (Guerin- Yarry). Tragacanth is carbonised by oil of vitriol, 
and yields traces of artificial tannin. (Hatchett.) — Dilute sulphuric 
acid dissolves bassorin on boiling, foming a crystallisable, non-fer- 
mentable sugar (Guerin-Yarry), together with a gum whose aqueous 
solution is precipitated by alcohol and basic acetate of lead. Tra- 
gacanth swollen in cold water is converted into a mobile liquid by 
continued heating or evaporation with dilute sulphuric, hydrochloric, 
or oxahe acid, and ultimately dissolves with the exception of a few 
flocks ; alcohol added to the filtrate throws down a white gum 
whilst glucose remains dissolved. The gum contains, on the average, 
44*26 p. c. C., 6*25 H., and 49*49 0., Schmidt. — 6. Bassorin is con- 
verted by boiling with aqueous alkalis, into a soluble gum, which 
resembles gum-arabic, but differs from it in the precipitability of its 
solution by neutral acetate of lead (FremyJ. — 7. Trag'acaiith-mucilage 
boiled with quichlime turns yellow* at first, but becomes colourless 
again after two hours, whilst the precipitated lime appears yellow; 
the clear liquid contains a lime-salt in solution. (Zeisc.) 

Combinations, Bassorin is insoluble in tcater, even at the boiling 
heat, hut swells up to a jelly when immersed in it. When tragacanth 
is softened with 1000 or 1200 pts. of water, and the dissolved portion 
is separated from the swollen, gummy mass, the latter, on being 
mixed with a large quantity of water, at length becomes sufSciently 
mobile to run through the filter in the form of a viscid liquid, each 
drop extending itself into a thread (Berzelius, Lekrb. 3 Aufi. 6, 407). 
If moist bassom, which has not been previously dried, be boiled with 
’water for two hours, it forms a colourless mobile solution, which, wdien 
evaporated, leaves a residue only partially soluble (Trommsdorff). 
According to some statements, tragacanth yields nothing to water ; 
according to others it yields arabin {vid, sup.). 

Bassorin dissolves readily in hydroehlork mid^ also in aqueous 
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ammonia, and remains nnaltercd wlien tlie solvent is evaporated. 
(Trommsdorff). 

With Oxide of Lead. — Tragacanth- jelly, diluted vrkli a large quan- 
tity of water, coagulates with basic acetate of lead, slightly mth the 
neutral acetate. When powdered tragacanth is macerated for tvreiity- 
four hours with cold water, the liquid strained tlmoug'h linen — oiil^^ a 
small quantity of adventitious matter then remaining on the filter- 
then precipitated with ammonia and neutral acetate of lead, and the 
precqitate washed and dried at 100°, the product a is obtained. When 
uncomminuted tragacanth is macei’ated in water for twenty-four hours, 
the clear liquid poured off, two similar extracts prepared from the 
residue, and each precipitated with basic acetate of lead, the precipi- 
tates h, c, and d are obtained (Mulder). As the organic siibstanco of 
all these precipitates has nearly the same composition, Mulder con- 
cludes that tragacanth does not contain arabin, but only a certain 
constituent, which, according to Mm, is pectic acid. 


Mulder. 

a. h. c. d. 

PbO 51-38 .... 53-31 .... 33-84 .... 47*o4 

C 17-49 .... 20-77 .... 27-22 .... 23-14 

H 2-OG .... 2-50 .... 3-12 .... 2-78 

0 29-07 .... 23-42 .... 30-82 .... 20-54 


100-00 .... 100-00 .... 100-00 .... 100-00 

Tragacanth-jelly cm'dles a solution of hicJdonde of tin ; according 
to Bostock it forms a reddish precipitate with mercurous nitrate; 
according to Pfaff, a white precipitate with both mercuroiLs ixnAmercurk 
nitrate. It is precipitated by alcohol. 


Vegetable Mucilage. 

Qn^wQio or 

Leo Meiee. Berh Jahrh. 27, 2, 75. 

GtiEEix-YAEET. Ann. Cliim. Fhys, 49, 248; Seine . 65, 220; N, Tr, 2G, 
2, 155 ; abstr. Pogg. 29, 50. 

MtxDEK. J. pr. Cliem, 15, 293 ; further, 37, 334. 

ScmnDT, Ann. FJiarm, 51, 29, 

Naoeli & CR13IEE. Ffanzenphjs, TJntmuchingen, Ziirich, 1855 ; abstr. 
Pharm. Centr, 1855, 426. 

Gelin, Mttcus; VegeiahiliscJie Gall&rte, PfianzemcUeim. — Chiefly investigated 
hy Schmidt ; formerly confounded hy Mulder with pectic acid. The substances here 
brought together under the name, vegetable mucilage, exhibit certain diversities of 
character, which may perhaps render it necessary to subdivide them. Schmidt likewise 
regards tragacanth, and perhaps therefore bassorm in general, as vegetable mucilage. 

Sources, Doubtless a universally diffused constituent of plants. 
Described and examined, as obtained from the following parts of 
plants : Prom the roots of marsh-mallow (AUhm officinalis), the tubers 

YOL. SY. ' P 



210 


CARBO-HYDRATES 


of various species of OrcIiis^Salep miicikLge ), — From tlic seeds of Plantago 
Psgllmm (flea-Tvort), of Linum, of various species of Salvia aitd other 
Lahiatw. and of quinces. — From the bark and leaves of the lime and 
elm. — From Sphwrococcus erispus^ the mucilage forming nearly the 
entire alga, and from Fuciis saccharinus. 

On marsh-mallow mucilage^ see also TrommsdorfF {N. Tr, 19, 1, 164); on the 
mucilage of flea-wort seed, Braconnot, (J. Chim. med. 17, 513; Repert. 75, 190); on 
linseed mucilage, Vauquelin (Schw. J. 9, 142) on elm and lime mucilage, Braconnot 
(iV. Ann. Chim. Phys. 17, 352) ; on the mucilage of diseased elms, also Vauquelin 
(Ann. Chim. 21, 43). — On the mucilage of Fucus saccharinus, Witting, Juu. iJ,p?\ 
Ckem. 73, 138). 

Preparation. The undivided seed of flax, flea-wort, or quinces, is 
macerated, with agitation, in cold water ; the liquid is strained, boiled 
up, again strained, concentrated in the water-bath till alcohol preci- 
pitates tenacious threads from it, then mixed with alcchol ; and tlie 
precipitate is strongly pressed, left to swell u]:> to a certai]i extent in 
water, and agitated with alcoliol containing hydroclihnic acid, as long 
as lime-salts are thereby removed. (Schmidt, Mulder.) — Eiiviicr state- 
ments about vegetable mucilage relate chiefly to the decoction of certain parts of plants 
evaporated down, or eshausted with alcohol, or again boiled with animal charcoal 

Properties. After drying it forms a horny or cartilaginous, amor- 
phous, and generally colourless mass. Friable. Keutral. 

Schmidt. hlulder. 

from Linseed, from Qiimces. 

100°— 110®. anSO". aa30“— 150h 


12 C 

.. 72 . 

... 44*44 .. 

.. 44*43 to 44-95 .... 

44-83 

45*45 

10 H 

.. 10 . 

... 6*16 .. 

.. 6*12 to 6-33 .... 

5-92 

6*07 

10 0 ... 

. 80 

... 49*40 


49-25 

48-48 

C12H10O10 162 . 

... 100-00 


103-00 

100-00 


Niigeli & Cramer. 

from Linseed. from Quinces. 

C 44-90 46-60 

H 6-03 6-11 

0 49-07 47-29 


100-00 100-00 

Schmidt’s and Mulder’s analyses give the composition of the mucilnge after 
deducting the ash, which, in Schmidt's substance amounted to 0*415 — 1’39 p.c., and 
in Mulder’s to 2*04 — 4-25 p.c. — Schmidt examined mucilage from marsh-mallow, 
flea-wort, Sphcerococeus crisptis^ linseed, and quinces, with nearly equal results. — ■ 
Mulder gives the formula and supposes that Schmidt’s substances were not 

sufficiently dried. The larger amount of ash in Mulder’s substances may perhaps be 
explained by the smaller amount of water that he found. For Guerin-Varry’s analysis, 
and his partly unintelligible statements, sec Ann. Chim. Phys. 49, 248. 

decompositions. 1. Linseed mucilage dried at 100° in a stream of air, 
loses 1*28 p. c. of its weight when gradually heated to 150°, and forms 
a trace of acid,- when further heated to 170°, it diminishes in weight 
by 1-03 p. c. more, at the same time, however, exhibiting marks of 
decomposition. Quince mucilage loses 0*65 p. c. at 150°, and 1'04 p. c. 
more at 170°. The mucilage of flea- wort seed, diied at 110°, loses 
5*8 p. c. at 175° ; quince-seed mucilage 4*96 p, c. (Schmidt) — 
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2. Marsli-mallow mucilage yields, by dry distillation^ carbonic acid 
and carbiiretted iiydrog’en, a distillate of emxjyreumatic oil and acid 
rratcr (containing ammonia) and a residue of cliarcoal. (Leo Meier.) — 
S. Vegetable mucilage boiled with dilute acids becomes mobile and is 
resolved into gum and sugar. Quince mucilage is at lii'st coagulated 
by acids, and decomposed after a few hom-s ; the mucilage of flea-wort 
and other plants is more easily decomposed. When salep-tubers, cut 
into small pieces, are left to swell up in water, then crushed and digested 
for some time with dilute sulphuric acid, cellular membrane is left 
behind, and the filtered lic[uid contains gum and sugar. (Schmidt.)* — 

4. Mucilage, boiled with nitric acid, yields oxalic acid, and, 
according to older statements, likewise mucic acid. Marsh-maUow 
mucilage, treated with nitric acid, yields oxalic acid (Meier) ; mucic 
acid (Trommsdorff). Flea-wort mucilage yields oxalic acid and 
artificial bitter, mthout mucic acid. (Braconnot.) Linseed mucilage, 
obtained by exhausting the seed with water, and evaporating the 
extract, is decomposed by water into a soluble and an insoluble 
portion, the latter only yielding mucic acid with nitric acid. 
(Guerin- Yarry.) According to Vauquelin and Meier, linseed mucilage 
treated wfitli nitric add, fields oxalic acid, artificial bitter and mucic 
acid ; according to Nagcli A Cramer, the chief products are oxalic 
acid, and a crystalline powder, nearly insoluble in dilute nitric acid and 
in. water, moderately soluble in aqueous potash. Quince mucilag(i 
yields with nitric acid notlnng* but oxalic acid (Niigeli & Cramer); so 
likewise elm-mucilage (Braconnot). — With strong' nitric acid, hnseed- 
mucilage ^fields a small quantity of xyloidin. (Braconnot.) Y ege- 
table mucilages heated with nitrosulphuric acid yield a detonating 
product. (Nageli & Cramer.) 

5. Vegetable mucilage heated with oil of vitriol is charred, with 
evolution of sulphurous acid. (Meier.) Quince-mucilage treated with 
oil of vitriol is coloured blue by iodine (Kiitzmg', Nageli & Cramer)? 
and splendid red after a few days by Uniodide of zina. (Nageli & 
Cramer.) 

6. Elm-mucilage thickened by potash-ley, becomes fluid again on 
boiling, and is converted into gum. (Braconnot.) — 7. Mucilage is 
decomposed by digestion with u^eat-glufin in the same manner as by 
dilute acids. (Schmidt.) It is not altered by saliva, gasiidc juice, hile, 
or pancreatic juice. (Frerichs, Handh. viii. Zoochem. 577.) 

Vegetable mucilage swells up strongly when uxiUr is poured upon 
it, but, according to Niig’eli & Cramer, it does not form a true solution. 
The resulting jelly is impervious to alcohol, ether, and oils both fixed and 
volatile. Dry finseed mucilage is but partially soluble in water. Quince- 
mucilage also does not dissolve in water, either cold or hot, dming' 
washing, if it has been precipitated from its aqueous solution by acids. 
(Schmidt.) The aqueous solution of some vegetable mucilages solidi- 
fies in a gelatinous mass ; that of others does not. On the swelimg power 
of qmace-macilage, see Nageli & Cramer. 

The aqueous solution of flea-wort mucilage is not altered by dilute 
acids, but quince mucilage is coagulated by acids, ^ alkalis, and many 
salts. (Schmidt). From the mucilage of Fucus saccharimis, nitric add 
and dilute siilplmric acid separate white flocks. (Watting, /. jjr. Chenu 
73j ld8), -^Iodine colours vegetable mucilage greenish yeliown 

V 2 
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Bari/ta-ii'ater coag’ulatcs marsli-manow miioHago (Trommsdorff, 
flea- wort rnncilagc (Braconnot), dm mncilago (Berzelius). Lme-'imter 
act-B in a similar manner. Salep mucilage boiled with weak potash- 
ley forms a clear jelly after addition of a small quantity of chloride of 
calcium, (Schmidt.) Vegetable mucilage is not thickened by borax 
(Schiller, Bcrl. Jahrh. 1808, 18G, and others). 

Vegetable mucilage is not precipitated, at least not completely, by 
mutral acetate of lead; but the basic acetate produces complete pre- 
cipitation. See Mulder’s analysis of the lead precipitates. {J- pr. CJmn. 15, 203.) 
The mucilage of Fucus saccliarimis is precipitated by neutral acetate of 
lead, (Witting), 

Vegetable mucilage is not altered by cupric ov ferric sulphate. 

It is insoluble in alcohol^ and is precipitated from its aqueous solu- 
tion by tincture of galls. 


Saccharotdal Substances 

Finite. 

QnjiuQio or 


Behthelot (1855). iV. Ann. Ohm. Phys. 4G, 7G ; Compt rend. 41, 392 j 
J. pr. Clmn. G7, 233 ; Clwn. centr. 1855, C99. — • Chim. org. Paris 
1860, 2, 213. 

Johnson. Sill. Ain. J. [2], 22, 6; J^pr. Chem. 70, 245; JSf. Pr. Arch. 
93, 54 ; Chem. Centr. 1856, 765. 

Pine-^sugar ; Fichtenzucher, 

Occurrence. In the sap of the Pimm lambcrtlna of California. This 
liquid exudes from the sttjrns, coll(‘.cts in cavities made wiih fire at 
the bottom of the stems, and hardens into roundish masses. (Bcr- 
thelot.) 

preparation. Prom the crude hardened juice 1. By dissolving it 
in water, decolorising the solution with animal chai'coal, leaving th(^ 
fltcrcd liquid to evaporate, and recrystallising from, cold water, Tluj 
crystals do not separate till the solution has stood for several weeks, 
and they are slow of growth. (Bertlielot), — 2. The hot alcoholic solu- 
tion is decolorised with atnmal charcoal and mixed with ether till tur- 
bidity ensues. After a few hours crystals appear, which may be 
purified by rccrystallisation. (Johnson.) 

Properties. Hard colourless, radiate nodules, consisting of micro- 
scopic, imperfectly developed crystals. Melts above ISO'", In vacuo, 
near the boiling point of mercury, it forms white fumes witliout dis- 
tilling. Its taste is almost as sweet as that of sug'ur- candy. 
Sp, gr. 1-53. Rotatory power [<%]y = 58*G° to the right. Neutral 
(Berthelot.) 
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Bertlielot. Johnson. 

12 C 72 .... 43-9 .... 43-5 .... 42-75 

12 n 12 .... 7-3 .... 7-5 .... 7-40 

10 0 80 .... 48*8 .... 49-0 .... 49*85 


CTlWQio 1Q4 ...,100-0 ....100 0 ....100-00 


DecomposUions. 1. Finite heated above 150° gives off cmpyrcii- 
niatic water; at 250° it is partly converted into a black insoluble 
mass, but it is only at a liiglier temperature that complete decom- 
position takes place, an odoui* of caramel being emitted, and tarry 
products distilling over. — 2. TLedi.ted on platinum /of/, it chars and burns 
away completely. — 3. Hot 7iiiric acid decomposes it, with formation 
of nitro -compounds, and a small quantity of oxalic acid. — 4. Finite 
blackens wlien oil of vitriol is quickly poured upon it, but dissolves if 
gradually brought in contact with the acid at a moderate heat, 
apparently forming pinisulphuric acid, the soluble lime-salt of which 
decomposes when its solution is evaporated. — Dihte stdjyhuric acid 
does not affect pinite even at the boiling heat. — 5. Heated with 
tartaric acid to 100° — 120® in sealed tubes for five hours, it yields 
pinitartario acid ; with benzoic acid at 200° — 250°, it yields benzo- 
pinite ; with stearic acid at 200° — 250®, stearo-pinitc. — 6. When its 
concentrated aqueous solution is brought in contact with bmiodide 
of phosphorus, it becomes partially carbonised, and yields a volatile, 
strongly refracting oil, smelling of acetone, carbolic acid, and 
salicylous acid. — 7. When very strongly heated with lumps of potash 
or with lime, it is decomposed with evolution of acrid fumes. — 8. It 
reduces the hot aqueous solution of nitrate of arpentanmionia. Finite is 
not altered by aqueous potash^ ammonia or harytUi by potassio -cupric tartrate or 
sesquichloride of icon. It does not ferment with yeast. 

Combinations. Finite is very soluble in loater. It dissolves abun- 
dantly ill fuming hydrochloric acid, and crystallises somewhat colom^ecl on 
cooling. 

The aqueous solution of pinite dissolves lime more freely than pure 
water. 

Lead-compound.— '^vom a concentrated aqueous solution of pinite, 
ammoniacal sugar of lead throws down a white, curdy; very flocculent 
precipitate, whicli when recently precipitated dissolves in a larger 
quantity of cold water, but is only partially dissolved, and decomposed 
at the same time, by boiling water. 


At 100® in vacuo. Berthelot. 


12 C 72 .... 11*8 .... 12*5 

12 H 12 ... 2-0 .... 2*1 

10 O 80 .... 13-1 .... 12*6 

4PbO 440*8 .... 73*1 .... 72*8 


Ci3tpsO^“,4FbO 610*8 .... 100*0 ... 100*0 


Aqueous pinite dissolves neutral acetate of lead, 

Pinite is nearly insoluble in absolute alcohol, slightly solxiblc in hoiU 
ing alcohol of ordinary strength, (Berthelot.) — Soluble in boiling alcohol 
(Johnson). ' — Insoluble in chloroform. (Berthelot.) 
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Conjugated Compomidii of Tiiute. 

Pini-tartaric Acid« 

or 

Beetoklot. (1857.) ISf, Ann. Chim.. Phjs, 54, 84; abatr. Com])L mid. 
45, 2(kS; Cheni. Gaz. 1857, 4,41 ; J. pr. C/iem, 73, 150, 

Pmit-tartcnmre. A aide piuUaririque, 

4\)rniC(l, like (lulcktju'tario acid, from 1 at. phiito and 3 a,t. tartaric 
acid. 


C/lU’D-'i + 3(C«ll'>0^") - CHO C^<'irsO:« (Berthelol). 


Amc-salA— Gives oB; 10*8 p. c. wader at 100”. 



at 100k 


Bertiielot. 

C)0 c 

360 .. 

. 30-5 

.... 29-G 

42 H 

42 

8-5 

.... 3-G 

7G 0 

608 .. 

. 61-7 

.... 51-0 

GCaO 

168 .. 

. U-3 

.... 15-8 

C^'tP«CaW12HO 

1178 .. 

.. 100-0 

.... 100-0 


Benzo-pinite. 

Berth .ET,.OT. CJimie organiqne^ Paris, 1800, 2, 206. — 'Coupt. rend. 

41, 4.,52. 

A , ,Mom>-(WuL — Pinile. m(ynoh<mz(i%qm. — ( 1 

,Piiiit(5 is heated witli hcmzoic aehl iii a si'.aJed talK^ for some lionrs 
to 200”— 250”; the excess of lHaiW)ic acid is HadiindxM! wi(h u,(jU(‘,ou.s 
(.nirhotiate of potaBh and liually with a Htuall liuupor solid <%n,ns(:ie pot- 
a,Hh ; tlui lujuid is mixed with an. 0(|ual (juaiiiity of ether; itml llui 
siijKiDiataut ethenjal solution is decanted, after standing- (,jui(,dJy foi- a 
while, then treated with bono-hlack, and cvaporatcul, first ovci- the 
water-bath, afterwards in a strongly heated sand-batii ; 

2CHW + C^SHiSQio == + 4HO. 

Solid resin. Neutral. Ilydrocliloric acid gas passed throug-li its 
solniion in absolute alcohol resolves it into benzoate of ethyl and 
slowly crystallising pinite. By linie at 100”, it is slowly convcirtcd 
into pinite and benzoate of I’inun — Insoluble in n’cifer.-b- Soluble in 
absolute alcohol and in ether. (Bertiielot)* 

B. B'i-acid* * — Finite dibenzoigue . — 

MonobonKO-pinito is heated to 200^—250” with benzoic acidj and 
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tlic product is freed from excess of benzoic acid in the same manner 
as A : 

+ Ci2Hi20ifl = + 4HO. 

Solid. Neutral. Insoluble in waiJer. Soluble in e^/zer. (Berthelot.) 


Quercite. 

Q24JI24020 or 

Braconnot. (1849.) JSf. Chm. Phjs. 27, 392 ; J, j)?*. Chem. 

49, 232 ; Pharm. Centr. 1850, 92. 

Dessaign.es. Compt. rend. 33, 308 and 462 ; A?m. Pharm, 81, 103 and 

251 ; Pharm, Centr. 1861, 746 and 959. 

Sugar of Acorns. — The name qiiercin was given by Scattergood {Repert. 34, 146) 
to crystals from Queretts fakata ; by Gerber (iV, Br. Arch, 34, 167) to crystals from 
oak-bark, the nature of which, was not determined. 

Discovered by Braconnot in the fruit of Quercus racemosa and Q. sessiliflora 
{Hand!), viii., Phytochm. 77); recognised as a peculiar substance, and investigated by 
■Dessaignes. 

Preparation, The aqueous extract of brnised acorns is freed from 
dissolved tannic acid by heating’ it with lime ; the filtrate is left to 
ferment with yeast, to remove the fermentable sugar, which hinders 
the separation of the quercite ; the liquid, after filtration, is evaporated 
to a syrup, and the crystals, which separate from it after a while, are 
wasliod with cold alcohol, and recrystallised from water or weak spirit. 
(Desaaig’iies, N, J. Pharm. 251, 30.) 

Prolwrtks. Hard crystals, grating between the teeth, permanent 
in the air. They belong to the oblique prismatic system. Ehombic 
prism u, {fig. 99), liaving tho obtuse edge truncated by t (fig. 97); 
above, it has also the oblique end-face z, and below, the face/ (fig. 94), 
and the oblique prism jz. The faces zi are vertically striated. The 
faces are unequally developed, u : u in front = 106° 30' ; u : t=. 143° 
15'? 25 : i = 111° 3'; t :f= 122° 40'; f ;/])elmid = 126° 17', by cal- 
culation, = 126° 38' (nearly) by observation; ceia over i = 108° 52'’ 
by calculation, = 109° 5' by observation; a : = 144° 26' by calcu- 
lation, = 144° 28' by o])servation ; zi : i = 106° 44' by Galciilation, = 
106° 15'~5()' by observation ; n :/= 115° 37' by calculation, = 115° 
15' (nearly) by observation (Seiiarmont, liaiimelsberg's JIandbuch, 224). 
— Pex’manent at 215°, melts at 235°, and partly sublimes, a small 
portion of the residue becoming carbonised. (Dcssaignes.) 


Dessaigaes. 
a. 1). 

24 C 144 .... 43‘90 .... 43*74 .... 43*69 

24 H 24 .... 7*31 .... 7*53 .... 7*71 

20 O 160 .... 48*79 .... 48*73 .... 48*60 


C21H24O20 328 100*00 .... 100*00 .... 100*00 


a. From nitroquercite (Dessaignes). 
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Decompositions. 1. Converted by liot 7ntric acid into oxalic acid, not 
into nm(;ic acid (Braconnot, Dcssaigaion). — 2. Triinratcd with, oil of 
vitriol, it forms a colourless solntion containing a conjugated acid, wliosc 
lime-salt does not crystallise. — 'B. NilrosHlplinric acid converts it into 
nitroqtiercitc. (Dc^ssaignes.) Nitroquorcite is a white amorphous resin, in- 
soluble. in water, soluble in liot alcohol ; treated in alcoholic solution with sulphuretted 
hydrogen, it is reduced to quercxic, with se]ia ration of sulphur. (Dessaignes, Compt. 
rend. S3, d()2j Ann, P harm. Sly 2:yl.) — Jlcatcd witll Uniaric aoir/, it fomiS 
(jncrcitartaric acid (Bertholot, Compt. rend. 45, 268); witli henzoic and 
stearic nckh, it forms beiizo-quoroito and stcaro-cpcrcito. (Bcrtliclot, 
Chim. org. 2, 209.) 

Not altered hy boiling potash-ley, or by cupracotato of potash ; does not ferment 
with yeast or w'itli cheese (Dessaignes). 

Comhinations. Soluble in from 8 to 10 pts. of cold loater. Aqueous 
qucrcilo dissolves a small quantity of lime. 

With Baryta. — When 2 at. qncrcitc = 1 at.) and 4 at. 

baryta are dissolved togctlicr in water, a la,rge quantity of hydrate of 
baryta crystallises out on cooling, and an additional quantity on addition 
of alcohol; after the removal of this deposit, there remains a gummy 
solution wlvich docs not crystallise in vacuo, — After drying in vacuo, 
it contains 20*41 p. c. baryta and gives off 5*92 p. c. water at 150°, 
and is probably therefore + 4110 (calc, 29-59 p. c. 

BaO, G-90 p. c. HO). (Dcssaignes.) 

Broin a warm solution of basic acetate of lead mixed with ammonia, 
aqueous quercite throws down a copious white precipitate, which also 
docs not become crystalline on cooling. (Dcssaignes.) 

Quercite dissolves in hot weak sinrit. 


Configatcd Compounds of Qncrcitc, 

Querci-tartaric Acid. 


Bebtiielot, (1857.) AT. Ann, Chm. Bhys. 54, 82 ; abstr. Com^H. rend. 
45, 2G8 ; W. J. Fharm. 33, 95 ; acm. Qaz. 1857, 441 ; J. m\ Chenu 
73, 150. 

Obtained, like dulci-tartaric acid, from qnorcito and tartaric acid. 
012111201“ + ^ 0^111.120^“ + 4HO. 

Q/ercitartrate of Lime gives off 16-1 p. c. water at IlOk (B(u*- 
tholot.) 


at 100®. 



Berthelot. 

44 C 

2G4 . 

... 30 0 

.... 31*0 

.30 H 

30 . 

... 3-4 

3*0 

52 0 

41G . 

... 47-4 

.... 47-3 

G CaO 

1G8 . 

... 19*2 

.... 17-8 

aupca«0"t4no 

878 . 

... 100-0 

n,. 100*0 
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Benso-quercite. 

Bertiielot. Climu org,^ Paris, 1860, 2, 220. — Co^npt, rend. 44, 452. 

Benzoesaui'e^Quercitf Benzoesau7'e-Qiierciiesfer ; Quercite henzoique , — 

Prepared, like monobenzo-pinite, by beating quercite with benzoic 
acid for several hours, in sealed tubes, to about 200°. — Solid, 
neutral. — Dissolved in absolute alcohol and treated witli lujclrochlonc 
acid gru% it is resolved into quercite and benzoate of ethyl, — Insoluble 
in xvater^ soluble in ether, (Berthelot.) 


Carlo -hydrates 

Milk-sugar. 

(j2ijX220« or 

LrcHTENSTEiN. (1772.) Ahhandl, vom Milchzucler, Braunschw. 1772. 
CnuiitSHANK. Seller. J, 3, 293. 

Heembstadt. Crell. N. Entd. 5, 31. 

Bouillon-Lageange k Yogel. J, Phys. 72, 208 ; Schw. 2, 342 ; 
Glib. 42, 135. 

Berzelius. Ann, Chm, 95, 67. 

Baumann. iV. Pr. Arch, 37, 47. 

Hagen. Pogg. 71, 532 ; J,pr, Ghem. 42, 470. 

A. Benscii. Ann.Pharm. 61, 221. 

PoGGiALE. Com2)t. rend, 28, 505 ; iY. J. Pharm. 15, 413; J-pr, Chem, 
47, 13 ; /. Ohm me'd, 25, 364. 

Beendeoi^e. iY. Pr. Arch,. 7S, 88. 

Krause k Stabeler. Mitth, d. naturf, Gesellsch, in Zurich^ 1854, 473 ; 
Chem, Gaz. 1855, 67; Pliarm, Centr, 1854, 936; Lieh, Kopp, 
Jalmsher, 1854, 746. 

A. Lieben. Wien. Ahad, Per. 18, 180; Chem. Centr, 1856, 567 ; 
J.pr. Chem. 68, 407. 

Pasteur. Compt. 7'end, 42, 347 ; Chem, Centr, 1856, 253 ; Put. 1856, 
91 ; P*pr, Chem 68, 427. 

Dubrunpaut. Compt, rend, 42, 228; Chem, Centr, 1856, 233; Put 
1856, 61 ; J.pr, Chem. 68, 422. 

Lubolbt, J.pr. Chem. 77, 282; abstr. Pep. Chm. pure^ 2, 41 ; A". J. 
Pliann. 36, 306, 

Laoiin (Pasteur), Lac jfose (Dumas), but different from the lactose of Pasteur 
{md. inf.). — Originally prepared by Pabrizio Bartholetti, in. 1619, from wbey, thence 
called Manna or ISitrum seri lactis and afterwards by Bergmann, GalacUcnm Bartholeiti, 
Recommended as a medicine by Ludovico Testi in 1698. 

Source. In the milk of mammalia. According to Dumas rend. 

21, 707) it is not found in the milk of carnivora,, excepting after they have taken food 
containing starch or sugar ; this statement is however contradicted by Benseb. Cream 
contains a smaller proportion of laetia than the milk from which it is obtained. 
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(Hoppe, Plrchow^s Arch, 17, 417.) Ou the quantity of milk-sugar in milk, sec 
IJaudh. viii, Zoochcm. 260 ; on the determination of milk-sugar, ibid, 253 ct seq. ; 
on nu^thods of estimation by the optical rotatory power, 'see Poggiale ( CompL rend, 
28, 5B4; Ann. Pharm. 52, IKi). 

The white of hens' eggs during incubation contains milk-sugar, a(‘cording to 
Winckler {Repert, i)2, 46 ; Chem., Gaz, 1)0, 280) ; not, according to L(':hmaTm,( Handb. 
viii, Zooahem, 285). Braude thinks lui has found lactin in cht/le. {ibid, 221). 
Braconuot’s lactin of acorns is q\un*eito (p. 214). — According to 8inion {Die 
FmuenmUck, Berlin 1838 ; ixh^^tr. Berzelius J(ih7'es'ber, 10, 714), the sugar of Imraan 
milk has a sweeter taste tliati ordinary milk-sugar, is less fusible, and yields with 
nitric add a smaller quantity of mucicacid; in other respects it resembles ordinary milk- 
sugar, 

Preparatum, Milk kept in contact with rennet for the preparation 
of; cluH^^e c()aig'nlat(^8, witli. Bcparation of wkey-choGBC. The whey 
K(T)arat(Ml tlurndVom, if evaporated to the consiRtonce of lioiu^y, yiuldH, 
Jifter Htafiding; for sona^ time in a. cool place, a cryBiahiiie dttposit of 
milk-sugjtr, vvliieli may Ixi pnriluul hy r<q)eaivd solution in water, 
elariiicaiUoii a, ml cryBtallisation, linally (ae.cording to Sliuhdor k, Kraiiwo) 
Isy nquatiodly pnmipitating’ the {tqneouH Holntioii with alcohol. 

For tlui d(d,ection of milk-sugar, milk, diluted with 3 ]>ts. water, is 
luaited to hoUing* with a few drops of aexd/ic acid; the liijuid is iilteiHul; 
ilui iiltratc inix(id with ca-rhonato of magiuisia and evaporated ; tlic 
dry residue treated with alcohol to remove all niattcrs soluble iluu'ein ; 
and the iindissolved portion exhausted with hot water : on evaporating 
tlrlB last-mentioned solution to a syrup, the milk-sugar erystalliscss out. 

Fnypertm, ^tcJlydratedmiUc-sugar. Crystallised millc-sugar, heated 
continuously to 140® — 146®, is converted, with loss of 1 at. water, into 
unhydroiis milk-sugar. (Stiidclcr & Krause.) Dextro-rotatory power 
[ci]y = 61>‘3° (IJcrtlielot), = G0° 28 (Biot, Com.pu rend, 42, 340). 


at 140* — 150®. Stlidelcr & Krause. Lioben. 


12 C 

72 . 

... 42*11 .. 

41*95 ... 

41*87 

11 H 

n . 

... 6*43 .. 

6'51 ... 

6*63 

11 0 

88 . 

... 51*46 .. 

51*54 ... 

51*60 



171 . 

... 100*00 .. 

100*00 ... 

100*00 


So according to SUldehn* & Krause, hlarlior Ihrimihe i\)r (crystallified) nnlk-.sugur ; 
C‘'‘{FC)« (Beimdius), (hiebig), or (4'Hb<'()>",2IIO, aceordlng 

to atlier.s, Berzelius regarded milk-HUgur fused with loss of 1,0 p.c. \va,Uir ns .'uihydrtms, 

Pmnnpositions, 1. Milk-sugar dried at 160® {u^fpiin^s ay<dl(nv eolosii' 
at IdO*', emits an odour of cararmd (Sliiid<,4<q- tK^Krauwf), a.tid (liiniuishos, 
slighfly hi weight. Heated to 176“, or ahov(‘, it is partly C(.mv(3rted, 
witli loss of Wifight (anu, muting ti.) 13 p.c. of tlie (■rystallisc.dsuh” 
fdauee), in to a niixtiirc of lacto-carainel and a subs lance insoluble In 
wat(U* which then melts at 203'r>®. (Liebeii.) 

Crystallised milk-sugar when carefully heated, melts, gives off 
12 }>, c. water, and solidilies on cooling to a crystalliiiii mass, which, 
when dissolvtid iii water, regains the water of crystallisation that It luu.l 
lost* (Berzelius.) When melted, it gives off 13*3 p. c. water and 
leuAT^s a brown mass, (Vauquoliu, Pull. Pharm, 3, 49.) Mllk-siigar 
■when roasted, becomes broAvn and tough, and is converted into a .mix- 
tuixi of saccharic acid and i guni (Schill, Ami. Phana. 31, 162), into 
cammel. (VampK^lin.) The hrowu product formed by heating milk- 
stigat yields rnucic acid with nitric acid, the same as unaltered milk- 
sugar, (G'4iiB, N, Ann, Ohm, PhjB, 62, 366.) 
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2. Milk-sngar yields, by dry distillation, carbonic acid and combus- 
tible gases, aqueous acetic acid, cuipyrcumatic oil, and cbarcoal. 
(Cruiksliank.) — The acid Avatcry distillate amounts to 61 p. c., is less 
inobiki than that obtained from cane-sugar, and more abundantly pre- 
cipitated by alcohol. (Vauqnclin.) — 3. Milk-sugar heated in the o^wi 
fire, swells up, becomes brown and tenacious, gives off the odour of 
burnt sugar, and burns with a white flame, leaving a large quantity of 
charcoal. (Bouillon k Vogel.) 

4. ^Nhm oxyr/en yas is passed over milk-sugar mixed with spongy 
platinum, the milk-sugar is completely resolved into carbonic acid and 
water. (Iteisct & Milloii, N, Am, Clwn. FJiys. 8 , 285.) Milk-sugar is 
not altered by omie, (Grorup-Bcsanez, A^m. Fharm, 110, 86.) 

5. The aqueous solution of milk-sugar heated in a sealed tube’ 
turns yellow and finally dark brown, and if afterwards left to evaporate, 
leaves an acid deliquescent syi*up, which does not ciystallise even 
after several months. The decomposition takes place slowly at 100®, 
more quickly at 130°; between 105° and 110° it takes place, even if 
the air is completely excluded and. replaced by hydrogen. If the air 
has access, oxygen is absorbed, and (a smaller volimie of) car- 
bonic acid is evolved. (P. ILoppo, CUem. Cen.tr, 18G0, 54.) Void 
Fharm. 105, 334) found that when a concentrated solntion of milk- 
sugai’ was heated in a sealed tube to nearly 200° and then left to cool, 
the brown liquid no longer yielded -with alcohol a precipitate of milk- 
sugar, but when mixed with a larger quantity of alcohol, it deposited 
crystals of grape-sugar [lactose ?]. — A concentrated solution of 
milk-sugar remains unaltered at ordinary temperatures if the air 
is excluded ; but if exposed to the air, it turns acid in the course of a 
year and yields grape-sugar. (Liebcn.) 

0. Milk-sugar distilled with Uchromate of potash and suljdnmc acid 
yields aldehyde. (Guckelbcrg'cr, Ann. Fharm. 64, 98.) 

7. Aqueous milk-sugar distilled with iodine and bicarbonate of 
potasli, yields iodoform (Millon, Conpt, rend, 21, 828; J.p>r. Gheni. 37, 
53). — 7 a. Wlien a mixture of 1 at. milk-sugar, 4 at. bi’omine, and water 
is heated to 100° in a sealed tu])G, tlio liquid becomes colourless, and, 
on opening the tube, carbonic acid and liydro-bromie acid escape, with 
the odour of Inornide of ethyl. The residual brominate<l product is 
strongly acid, decomposes with evolution of bromine a vhenjieated, and 
cannot be obtained pure. When njcently prGci[>ita,ted oxide of silver is 
atldod to it, till tlio acid reaction disappears, and the lirjnid is then 
iiitered, a solution free from bromine is obtained, containing a silver 
salt, wliicb, when freed from silver by snlpliurettod hydi'ogcn and 
CA^aporated, leaves an acid syrup. Tliis acid forms, with ammonia,, a 
salt which crystallises well and is precipitated by basic acetate of lead, 

' — with other bases, it forms uucrystaliisable salts. (IIlasiAvetz, Ann. 
Fharm., 119, 281.) The acid here formed is isobigly colotliykmic acid. 
(Barth k Hlasiwetz, Ann. Fharm. 122, 96 ; — see below p. 232.) 7 1. In 

chlorine gas milk-sugar tm*ns red and afterwards black, giving off 
, hydrochloric and carbonic acids. Prom the aqueous solution of the 
residue, alcohol precipitates unaltered milk-sugar. By passing chlorine 
gas through a warm concentrated aqueous solution of milk-sugar, a 
liquid containing hydrochloric acid is obtained, winch deposits crystals, 



220 


CAHBO-IIYBRATES C^^Hiion, 


having’ the appearance of milk-sngav, but au acid reaction. (Bouillon 
& Vogel.) 


8. With ^tvon^ V if nr, (Wfd, niilk-wiigar forniB, not xyloidin, hut a 
very hitter Buhsiaiico (Bracoimot). — .Ilcahal with nmiiy tiincB ite 
weight of rnoderatcly dihit(mitricaci(l, it in deeompoBod, witfi fonnation 
of I'uucic, Haeeharic, tartaric, oxalic and carbonic acid«, and the dccompo- 
sitiou-products of nitric acid. 

When 1 pt. of milk-sugar is heated with pts. nitric acid of sp. 
gr. 1-32 and 2-J* pts. water till it dissolves, carbonic acid is briskly 
evolved, tog(3ther with the decomposition-products of nitric acid, and 
if the heating he contiruKid, mneio acid separates. The mother-liquor, 
after the adtlitiou of cf the quantity of nitric acid used at the com- 
mcnc(nncnt, g(intle hoiling, and concentration, yields an additional 
(piantity of mncic acid, the total quantity amounting to of the 
weight of tlic milk-sugar. The remaining mother-liquors and wash- 
waters boiled, with frequent addition of iiitric acid, as long as sanqjles 
taken out turn brown when supersaturated with potash-ley, contain 
tartaric acid (probably formed by decomposition of the saecliaric acid : 
Lkhig), also oxalic acid and a small quantity of saccharic acid, which 
last is present in greatest quantity immediately after the separation 
of the mucic acid, (Liebig, j4?m. PAm’w. 113, 1.) The tartaric acid 
ajjpears to exist in the nitric acid solution as rnetatartaric acid (x. 327), 
and only afterwards to be converted into crystallisahle tartaric acid. 
(Erdmann, J. pr. Chem,. 79, 185.) The mucic acid is produced in 
greatest quantity when dilute nitric acid is used and the liquid is not 
very strongly heated, wdicreas carbonic and oxalic acid arc produced 
in proportion as the mucic acid diminishes. (Liebig, Fogg, 31, 340.) 
When nitric acid containing hydrochloric acid is heated with milk- 
sugar, a volatile cyanogcu-compound is given off (Liebig). 

Nitric acid acts on milk-sugar in two ways. a. It converts the 
greater part of the milk-Ksngar into mucic acid, which then undergoes 
further decomposition, yielding tartaric acid. — h. The smaller portion 
of the milk-sugar is converted by the nitric acid, hb by other acids, 
into grape-sugar, and tlien (like th(3 latter) yields saccharic acid, 
which' also, by the continued action of the nitric acid, may be trans- 
formed into tartaric acid (lleint^i, . Per/, ril/rur/. Jkr, 13{)0, 2G3; OhevL 
Centi', 18G0, 72G). But dilute acids oonveu’t milk-sugar, not into 
grape-sugar, but into lactosie, aaid this compound treated with nitric 
acid yields, not saccharic acid, but mucic acid in twice the nuatiiity of 
that yielded under the same circumstances by milk-sugjir (Kr.). 

■Wlion milk-sugar is treated with nitric acid, as for the preparation 
of mucic acid, the dextro-rotatory power of the solution is incrcaHod to 
p J of its original amount then diminishes and vanishes altogether, but 
the liquid after a while again acquires dextro-rotatory power equal to 
^ of the original amount, which, however, likewise vanishes, if tlio action 
of the nitric acid is continued, without reappearing. (Bubrunfaufc.) 

When milk-sugar is heated with 1 pt. of water and -J- nitric acid, 
of 30° B., the solution, whose formation is attended with evolution of 
carbonic acid and nitrous gas, leaves when evaporated a yellow mass 
(soluble in bot but not in cold alcohol, and precipitated from the hot solution in the 
form of a yellow powder), wMch contains neither oxalic nor malic acid, and 
docs not pre<;ipitate baryta-water, lime-water, or neutral acetate of 
lead. (Bouillon & Vogel.) 
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Heintz^s view that the tartaric acid of milk-sugar proceeds from 
the mucic acid is incorrect, because mucic acid, wliich is optically in- 
active, yields racemic acid when treated with nitric acid, whereas 
milk-sugar yields dextro-tartaric acid with only a slight admixture of 
racemic acid (Oarlcn, Compt. rend. 53, 343). 

9. Oil of vitriol poured upon milk-sugar colours it brown and chars 
it at 100*^. — Dilute sulphw'ic acid leaves milk-sugar unaltered in the 
cold, even after several weeks^ contact ( Bensch), but at higher tempera- 
tures, increases its rotatory power by y\, and converts it into a pecu- 
liar fermentable sugar (Pasteur’s Lactose), and partially into a dextro- 
rotatory, non-f ermentablc substance (Dubrunfaut). — The lactose thus 
produced was formerly regarded as grape-sugar, till Bouchardat 
pointed out the difference between the two. {Berthelofs Chim. organ. 
2, 240). — The liquid, if brought into the fermenting state at the 
moment when tlie rotatory power has increased to -If of its original 
amount, is capable of yielding a quantity of alcohol equal to 37 per 
cent, of the crystallised milk-sugar ; if the heating with dilute sul- 
plniric acid be continued, no alteration of the rotatory power takes 
place, but the sugar decomposes. (Dubrunfaut.) According to Persoz 
{J. Chim. mod. 9, 4-19 ; Berz. Jahresber. 14, 380), the rotatory power of 
milk-sugar is increased by addition of acids, diminished by boiling, and 
is smallest when the milk-sugar has become fermentable. 

10. When milk-sugar is covered with nitrosulphuric acid, and the 
solution is precipitated by water, a compound {nitrolactide) is formed, 
which detonates at 75“ (Rcinsch), not below 100° (Vohl), crystallises 
from alcohol in nacreous laminse, does not give up its crystallisation- 
water at 100°, but when its alcoholic solution is boiled for some time, 
parts with its water, takes up alcohol and becomes amorphous (Yohl, 
Ann. Pharm. 70, 368; Reinsch, A pv PAam. 18, 102). The nitro- 
compounds formed from milk-sugar behave when heated like ternitro- 
dulcite. (Bechainp, Compt. rend. 51, 258.) 

11. With concentrated hjdrocliloric milk-sugar becomes brown 
and black, and by boihng with the dilute acid, it is converted into 
ordinary sugar. (A. Vogel) — 12. Triturated with glacial pihospJioric 
acid, it turns red but does not carbonise (A. Vogel, J. Pharm, 1, 199) ; 
with moist a,rsenk acid, it burns brown. (Eisner.) With arsenious acid 
it behaves like cane-sugar. (Baumann.) — 13. By boiling with aqueous 
iodic acid, it is slowly oxidised. (Millon, Oongn. rend. 19, 271.) — 14. 
When triturated with 2 pts, chlorate of 2 >otash, it is set on fire by oil of 
vitriol. (Bouillon & Vogel.) 

15. Acetic acid does not convert aqueous milk-sugar into grape- 
sugar (lactose) even when heated (A. Vogel ; Struckmann & Bodeker, 
A7in. Phwin. 97, 152). —When milk-sugar is heated for 50 — 60 
hours to 100° — 120“ with glacial acetic acid, butyric add or tartaric acid, 
water is eliminated, and compounds are formed analogous to those 
produced under similar circumstances by grape-sugar. (Berthelot, 
N. Ann. Clmn. Phys. 54, 82 ; and 60, 98.) 

When tartaric acid is heated with milk-sugar and the product is 
treated in the manner described under Dulcite,” two compounds are 
obtained imder slightly different circumstances, ct. Galactosorietratar^ 
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is produced, '\vi 111 (diininalion of 5 at. water, frorii 
1 at. niilk^Hiigar aiaU at. tarlavic acid, fdlO. 

The limc-Hatt of tliiK acid g’ives off 1U*2 p. c. we, tor at .1 lO'^ and ilioa 
coutaiuH 27*;) p. c. (t, 5*2 H, and 17*2 p. c. lime, c.oiTi'wpomlin^* to ilio 
fonnida, “h 10 A(j. (oat*. 2<S*d (1, ;}*t)ll ami lH*(K)a,0). *-■■ 

/). Tri<ji!lt(ctO'-l(ilrit{<trf(tric (ici(l P'’<’duo(Ml, wilt ('limination ol 

.11 at. watt'i*, from 0 at. milk-sn<^'{jr and I a.t. tariario. acid, + 

— Jl-HO. 1 ks limi'-’Salt (wliioh ,i*('duo{‘H potassio-oiijtrio ta,)’Lra,t(^ 
a, ml yudds witli nitrui aiad a hvi^o <jua,ntii,y of mmao acid) (jontains, 
when dried at 11 (k, d-l-l p. c. 0, -I *5 IL and l)-2 linu^ ((t’dROatP + 
10 aq, = ;>4;*6C, 4.-4J1,, l)-5(la()) (.Bm-Kudot, JV, Ami. Chini. iVo/.s*. dt, 82 ; 
a, list!*. (Jirnij^t. vYaa/. -15, 208; J. jir. Clmm. 70, Ifit) ; (!hv,iiL (Ucz. 1857, 

4‘il). In this Memoir, Bi'rOielot i^ives for jiralactoKO^tctratartaric arid and its lime- 
saltj the formula C"“ I and IIO, and for trhfahK'to-teii’atartavic 

ud<l and its lime-salt, POP'hP’' juid (8'Il“'Ca^’0"'"*2llO. The formula; above given arc 
from jicrthelot's (Jhiniip ovf/anJgifr 2, 290. 

1(). Milk-HiijOtair li(‘ad(M] in a, Hoahal tidu^ with <a/?aww rra/ama/e, yifdds 
a Brown ni in >^jJl'(.uions product, cornispomling’ to tlmt obialnod in like; 
maiima* from ca,n(i-KUgar. (P. Tliena,rd, JJuU. Ohm. JMrk^ 18(51, 42.) 

17. Milk-B'ng‘ar li(;ated with potemium or carbon is(*H wi(]i 

faint glow, aud converiB the metal into alkali. (Ga,y-LiiWHac &> Thdnar«l.) 

18. Crystallised milk-sn gar triturated witli an (upial W(;lg*ht of pa/us//,- 
liydrate remains unaltered; l)ut on adding lialf its weight of u'atcn*, the 
mass becomes lieatcd to 115°, and a Brown solution is fonmai, (contain- 
ing c-arBonic acid, acetic aejd, aud a Brown, somewhat Bititcr substajia;, 
which, is insoluble in alcohol and etlujr, dcli(|uesees in, tlic air, is deco- 
lorised hy chlorine.;, and forms precij)itatcs with tin, lead, mcrtairy, a, ml 
silver salts. (Be.millon. & Yog^dJ. — When milk-sugar is heated to 100® with 
excess of alkali, li st. alkali is sattiratcd hy 1 at. milk-sugar ((2“). (Dubmufiiut.) 
YBum more strongly lutal.tal with 4 or 5 pts. hydra, to of potash and a 
small (pia,ntity of wal.cm, it, is decH:)mp()S(;d, with ev()lution of hydrogYm 
and forma, tion of («a,]i(; acid. (('j|ay-l.jussa<;, Ann. Ohm. Ohys\ 4-1, 808.) 
Milk-sugar triturated with ixifdAi-hydnyr. a, ml wat(;r, forms, with 
rise of temp(Tatur(‘, a Brown licpiid iVom whi(.*B. akinliol throws down 
a thick Brown syrup, while actdn-B; of lim<; nanains in sohidon. (Sec 
alBO CombiuatioM, (). 22f).) 

19. Milk-S'nga,r is not aBcred l^y (Moni(;iv 

Compt. fmd. 40, 425; J*pr* Ohenu 78, 478.) 

20. Aqufious milk-sugar mixed witli evpnn suIpJiak {hjdmlx. (Thuv 
qnerel, ylw?o Ohm. Phys. il, 17 i Jkrs. JahreshiT. 12, 821,),' (A/er/Vfc or 
(inefatG (Baumann)], then with exc(‘ss of potash -hy (Ira, to, yi(;lds [if ad, 
l(;ast 2 at. milk-sugar (G^®],B^O^y,iO) are presmit for (n'(;ry 5 at. cupric. 
oxid(3 (Sta(l(,4er & Krause)], a deep I, duo, clear sohiiion wliicli, when 
hea,ted, deposits cuprous oxide (Trommer, Avn. PharuL 39, 3(10); if 
the cupric oxide is in excess, the milk-suga.r is converted gahud-ic; 
acid; with an insufticient (piaritity of ciijjnc oxide, ]K;ctoIa(*Jic- acid 
is likewise formed (Bodeker & Stamckmaun, Am, Plumn. 100, 204; 
J,pr. Ofiem. 70, 420.) 

Onprk aceiate aud nitrate are roduc(‘d by milk-sugar at tlie Boiling 
boat, oven witiiout addition of potash (A. Yogel, Buclmcr) ; according 
to Baumanuj tim acetate is not thus reduced. With the nikatck 
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according to A. Vogol & Buclmer, — with cupric hydrate and potash 
according to Becqncrel, metallic copper is produced as well as cuprous 
oxide. — From cyanide of copjier and jwtasmm, milk-sugar does not 
se]i)arato cuprous oxide (Baumann). 

When tartaric acid is added to the solution of cupric sulphate in 
such proportion that, on supersaturating with potash, tlic whole remains 
dissolve^ and no cupric or cuprous oxide is separated on boiling (for 
which, according"' to Stiidolor & Krause, 3 at. tartaiic acid are required 
for every 1 at. cupric oxide), then also 8 at. hydrate of potash, milk- 
sugar does not precipitate any cuprous oxide from the solution at tlio 
boiling-heat. If 1 at. more of potash-hydrate be added for each 1 at. 
cupric oxide, and the solution containing milk-sugar be then heated to 
G0°, the liquid becomes turbid and deposits a yellowdsh precipitate, 
wdiich acquires a dingy orange-colour on boiling; ifc is not till tliesoln- 
ti<,)n contains 3 at. free alkali to 1 at. cupric oxide that it yields, when 
heated with milk-sugar, a precipitate of cuprous oxide, which rapidly 
falls to the bottom (Stadeler and Krause). 

From these or similarly prepared solutions (see Glucose), 1 at. milk- 
sugar (C^^IFh3^\II0) reduces 7 at. cupric oxide (Bigaiid, Ann. Pham, 
90, 207; Stadeler & Krause ; Schiff, Anyi, Pliann. lOd, 330). Accord- 
ing to earlier determinations by Bodekor (JSf, Zeitsch, f. rat. Med. G, 
201 ; Kopp's Jahresher. 1858, 818), 1 at. milk-sugar reduces 7*5 at. 
According to his later detm-mhiations (A'/nn Pharm. 100, 2G4), it reduces 
G-Ji- at. cupric oxide. The quantity of oxide reduced is inlluenced by 
the duratio]! of the boiling, and varies between 7*02 and 7*9 (> at. 
Hence, for the estimation of milk-sugar, by means of potassio-cupric 
tartrate, it must be converted into grape-sugar (lactose) (Fcliling, 
Ann. Pharm. 104, 79). On the estimation of milk-sugar By means of potassio- 
cupric tartrate, see also Poggiale {Comp. rend. 28, 505 ; J. pr. Chem. 47, 13) ; 
Neubauer {N. Br. Arch. 72, 277). 

21. When aqueous milk-sugar is heated above 60 with oxide of had, 
it becomes brown and empyrenmatic. (Berzelius.) — 22. Aqueous 
milk-sugar boiled with mercuric oxide reduces it but partially to mercu- 
rous oxide (A. Vogel), but after addition of potash, to metal. (Bec- 
quercl.) It does not alter mercurous nitrate (Baumann). — 23. Nitrate 
(f silver and nitrate of axgenf ammonium are reduced b}’’ heating with 
aqueous milk-sugar; \\di\ihkddorkh of platinwn, on addition of ammonia, 
a deep rod pr(3cipitatG is obtaitied. (Baumann.) 

24. Milk-sugar is not brought into the state of vinous fermenta- 
tion by small quantities of yeast, but with larger quantities it ferments, 
at 30°, less quickly than grape-sugar, yielding alcohol and carbonic 
acid. Yeast does not cause milk-sugar to ferment. (Pourcroy & Vauqnelin, N. GeM, 
2, 646 ; Bucliliok, Schw. 4, 350 ; Bouillon -Lagrange 3c Vogel.) In a mixture of 
milk- and grape-sugar, yeast decomposes the latter, while the milk-sugar remains unal- 
tered. (Berthelot, N. Ann. Chim. Phys. 50, 363.) Milk-sugar dissolved in water, 
together with its own weight of yeast, begins to ferment at 30® (Cagniard de Latour, 
Inst. 237, 224); mixed with 18'8 p. c, of its weight of washed upper {Oherhefc), 
it yields between 12° and 25°, alcohol and saccharic acid. (Schill, Ann. Pharm. 
31, 132.) 

The milk-sugar in whey ferments spontaneously after a while ; 
the fermentation may also be induced by addition of casein, the pro- 
ducts being lactic acid, alcohol, and carbonic acid. For details on the lactous 
fermentation, see Cane-sugar, also xi, 473, 

Milk likewise ferments spontaneously, and without addition of 
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ycaBt, and yields alcoliol (KowMky, Aim. 178B, 05 ; Oaguiard d(3 
Latoiir), still more ou addilion of inilk-su^w (Ifoss, Por/ff’ 41, 104; 
Ann, Pharm., 21, 158). ])r(^|)ared by the spontaneous fermenta- 

tion of marc’s inilk in slmop-skin l)ajL»’s, and siibscqiuuit distillation, is the 
I'lmm of the Kalmucks (comp. <1* Ko.sis Po(/(/. 132, 210), In this fernum- 
tation Po,i;’fj;'eudorlT (Pe////. 02, 200), I>on(,ron k Fnmiy (/V, Ann. (Jhim. 
Ph/s. 2, 257), and others supposci that the formatioii of the alcohol is 
preceded by conversioji of the inilk-sug-ar into gTape-sng’ar. ----Tlui 
fernamt which, indnecs tlio spontaneous bu’mentatiou of milk is like- 
wise foinid in milk wliich 1 ,kis been curdled out of contact witli the 
air; when decoin})Osed by beating to 1130°, it is reproduced on expos- 
ing the liquid to thcj air. (IIo];)pc.) 

Milk-sugar fernnmted by contact wriih putikl casein or r/lntin at 
15 '=’ — 20®, yields alcohol. (ScJdll.) Milk-sugar mixed with cheese 
and chalk, or with the tissue of tlie pancreas, yields alcohol and lactic 
acid, together with a peculiar jelly, but no manuito. (hertholot.) In 
the fermentaiion of whey, whether spontaneous, or induced by y(uist, 
cheese, or a mixture of cheese and clialk, alcoliol is ohtainecl as well 
as lactic acid, but iu variable quantity, and k)ss if the acid is neutra- 
lised as fast as it is formed. The more dilute the wliey, the more 
docs the alcoholic fermentation predominate; it is induced by the 
remains of the casein, which change to yeast, but soon bocoino 
inactive. (Luboldt.) In this reactioii the milk-sugar is not converted 
into grape-sugar (or lactose), but exists as milk-sugar in the liquid at 
all stages of the fermentation. (Bcrtliolot ; Lubohlt, /. pr. Ohem, 77, 
282.) When milk, after standing for 1 1 days, is precipitated with a 
large quantity of alcohol, and the liltratc, after ovafioratiou to a 
syrup, likewise treated with alcohol, nualtored milk-sugar is ])r(3c‘ipi- 
tated, which could not therefore have ])ccn converted liy the fcrmontii- 
tion into another kind of sugar. (Hoppe, Arch, pathol. Anal. 17, 417 ; 
abstr. Kopp's Jakresber. 1851), 027.) In the solution of milk-sugar, 
brought into tlio fermenting state by cheese, yeast, or gluLin, Schill 
formerly found grapo-Bxigar. 

Washed calf’s rennet in contact with aqueous milk-sugar at 40", 
forms lactic acid, vdthout evolution of gas (Fremy, I, Phavm. 25, 501) ; 
Ann, 31, 188) ; also the exjin^ssed juice of lirown cahbagoor 

fresh geranium -leaves, after addition of (4i;dk. (Wlukimrorler.) Whiti^ 
of egg scarcely alters a solution of milk-sugar mixed with chalk, in 
six. weeks, but if coagulated and tiirmFl sour urnUu' water, it produci^s 
lactic acid. (Wackenrodcr, N, Br* A.rch, 40, 257.) 

25. In contact with Bchunck’s crptlmzpn (from madthn-), milk-sugar 
ferments, producing carbonic acid, hydrogen, alcohol, formic acid, 
acetic acid, and succinic acid, and generally the same products that tm) 
obtained from cane-sugar. (Schunck, PUL 'Mag. J, [4], 8, IGl ; J.pr. 
Clicm. 03, 222.) For further details see Ca7ie-su(jar, p. 267. — 20. Milk-SUgar is 
not altered by gastric juice. (Hoppe.) On the decompositions in the intea- 
tiocs, blood, and pancreatic juice, see Handluch viii, Zoochem, 553 and 589. 

Combinations. A. With Water, a. Crystallmd Milk-sugar. 
Colourless or white crystals belonging to the right prismatic systenn 
Ilarduoss between rock-salt and calcspar. Grates between the tcetln 
Sp. gr. 1*534 (Schabus) ; 1*548 at 13*9®, (according to Joule & Flay fair). 
Its taste is sliglitly sweet and rather sandy. Dextro-rotatory 
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power [ct]j = 56*4°, vid. inf„ p. 245 . For the expansion, according to 
Playfair & Joule, sec C^iem. Soc, Qn. J. 1, 121 ; Lkh. KopiJ, Jahresher, 
1847— 1848, p. 57. 

The crystals are hoinihcdral and hemiinorphous. Of the rhombic 
octahedron, a {fvj. 41), the upper half is altogether wanting ; of the 
lower lialf, only the face ct and its opposite to the right behind are 
present, togetlicr with the pairs of faces t and m (fig. 53) and the 
horizontal face n from, figure 62. In these latter, the faces of the upper 
half are more strongly developed than those of the lower half, whereas 
with the i-faces, the contrary is the case. The face t is mostly curved, 
and in the larg-er crystals, striated parallel to the combination-edge 
with M, which latter is also striated parallel to its combination-edge 
with m . ; hence the measurements are only approximate ; cc : a over t 
= 23° 22'; a: m =: 109° T; a: t =z 101^ 4P; u : ii over t = 
39° 18' obs., 38° 6' calc.; ii: t — 109° 39'; ii: m = 160° 21' obs.; 
160° 57' calc. The differences between these angular data and 
those given by Eainmelsberg, arise from Kamraelsberg having 
used somewhat different parameters for the faces ii — Cleavage 
parallel to m. The faces t, ii, and m, have in the larger crystals, a 
splendid mother-of-pearl lustre, which, in the smaller crystals, inclines 
strongly to vitreous; cc with unctuous or mother-of-pearl lustre. 
(Schabus, JJestimmimg, 40; Eanuaelshmfs Nachtrag, 219.)‘*'^ 

PermaTiont at moan temperatures and at 100° ; gives off its water 
slowly at 130®, more quickly between 140° and 145°, amounting on the 
average to 5-08 p. c. (1 at. = 5*00 p. c.) and is converted into anhy- 
drous milk-sugar. 


At m&an temperature or at 100°. 


Liehig. 

Berzelius. 

12 C 

72 

... 40-00 ... 

39-36 

.... 38*73 

12 H 

12 . 

... 6-66 ... 

6-67 

.... 7-16 

12 0 

96* . 

... 53-34 ... 

53-97 

.... 54-11 



180 

... 100-00 ... 

100-00 

.... 100-00 


& Thdnard. 

Berthollet. 

Prout. 

Stadeler & Krause. 

7. 

Dubrunfaut. 

C 38-02 

41-13 

.... 39*15 ... 

39-68 ... 

40-07 . 

39-70 

H 7-34 .... 

6-76 

.... 6-67 ... 

6*77 ... 

6-70 . 

6-67 

O 54*64 ... 

52-11 .... 

.... 54-13 ... 

..... 53-55 ... 

53-23 . 

53-63 

100-00 .... 

.... 100-00 

... 100-00 ... 

100-00 ... 

100-00 . 

100-00 


a. Air-dried; 5, dried at 100° (Stadeler & Krause). 


b. Aqueous Millc-siigar, — Crystallised milk-sugar is slightly hygro- 
scopic. It dissolves in 5 or G pts. of cold and in 2*5 pts, boiling water ; 
according to Guerin- Varry, in 9 pts. water at 20°, and in 1 part boilmg 
water. The saturated solution produced by prolonged contact of 
water with excess of milk-sugar at 10°, has a density of 1*055 and 
contains 14-55 p. c. of crystallised milk-sugar. When left to evapo- 

P 

* The formula of the ciystals, according to Naumann’s notation, is oo P oo • |- 

u V P 

oP.2Pc» . Inclination of oP : 2Po3=:= 109° 39'; oP ; “*=10P4l. Ratio of 

axes, n: Iii c«=0’62l5: 1 : 0*2193. (Schabus.) 

YOL. XT. Q 



220 


CARBO-HIBEATES 


mtej it begins to deposit crystals as soon as it attains tlie density of 
1*06S and contains 21*64 p. c. milk-sngar. (Bubrunfaut.) When milk- 
sngar dissolves, licat is evolved, according to Babrimfimt; according 
to Pohl pr, Ch(m» 82, 154), 175*2 grm. milk-sngar dissolv{3d in 
1*051 kilogs. water at 1 6*5 lowers tlie teinpcratnrc to 15*62°* — Tlie 
dextro-rotaiioiy power of a re<‘ently pn^pared aqneons solution of milk- 
sugar is greater in the ratio of B to 5 tbau that of the same solntioii 
after standing for some time or after being boated* The rotatory 
power dinunislios slowly at 0®, more quickly on heating, and in two 
inimitcs at the boiling heat, to that of {a\j = 56* 4' for crystallised 
milk-sugar* (E. 0, Erdmann, Li<ib. Kopp. Jahresher. 1855, 671 ; Bubrun- 
faut.) A warm saturated solution of milk-sugar, kept for 10 minutes 
in a sinih^d tube crystallises when the tube is opened, and partially 
when the tem|)cratnre is raised from — 10 to + 18*. (Liebon.) 

B. With A etch. — Pulverized milk-sugar absorbs hjdroMmc acid (jat^ 
turning slightly grey, and if oil of vitriol is aflerwards iiourcd upon it 
g'iv(^s off hydrocli]( )vic^ acid with, viohmt I'lTervcscem.H^ Acjncous hyilrochloric 
acid tliasolvcR milk-sugar more freely than pure water. (Bouillon & Vogel.) 

0* With Bases. Milk-sugar unites with bases, giving off water at 
the same time (Berzelius, Brendecke). Witli aqueous alkalis or alka- 
line earths, if the temperature be kept low and the action not too long 
continued, compounds of milk-sugar may bo formed which have loss 
rotatoiy power than the milk-sugar contained in them, yield unaltered 
milk-sugar when decomposed, and contain 3 at. potash or soda to 1 at. 
milk-sugar, (Bubrunfaut, vid. inf.). 

Milk-sugar absorbs 12*4 per cent. ammonia-(]as^ of wdiicb 5*8 J.ier 
cent, volatilises after exposure to the air for two hours, the n'St 
remaining more intimately combined (Bcrzelhis). 

PofasstHni^coiapound . — The solution of 1 })t. potash -hydrate in 3 ])is. 
water dissolves 7 pis, of nnlk-sugar, and yiehls a precipitate wilh 
alcohol after dilution with a small quantity o'f -watei*. The llocculeiii, 
strongly alkaliuo precipitati*, eiisily sohibh^ in water, is dcoomjoscd liy 
qarbgnic and other acids, with separation of milk-Hugar. (Brendecke.) 

8odmn*mnpQun(l. — The? sebitiou of 1 pt. soda-hydralc ia 3 pirn 
water dissolves from 20 to 21 pts* milk-sugar a-ml is tluMi pi’cdpitable 
by alcohol (Brendecke). 

Brendecke, 

NaO 31 8‘12 8*3 

(ynrWa 351 91*88 

CMIPS022,Na0,H0 382 100*00 

Milk-sugar does not unite with common salt (Btadeler & Krause), 

i?afmm-co??ipow»ci*---Milk-BUgar is triturated with baryta- water, and' 
the filtrate precipitated with alcohol. Contains 40*00 per cent* baryta, 
and is therefore 2BaO (calc* 40*15 BaO) (Brendecke). ' 

, 'Oafc{tiOT-cciwpotwd"--Milk-Bugar forme, with, lime, a soluble edm-'^ 
pO'Und, containing equal numbers of atoms of lime and milk-fttigar, 
(C^®IP^0“) and an insoluble basic compound which is obtainedby treating; 
tuilk-sugar with a large quantity of dry hydrate of lime 
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When aqueous milk-sugar is added to milk of lime till the latter is 
nearly dissolved, alcohol throws down from the filtrate a precipitate 
containing 15*7 per cent, lime (Brendecke.) The solution of lime in 
milk-sugar deposits, on exposure to the air, crystals of quinto-hydxated 
carbonate of lime (Pclouze, Ajin, Chim, Phys. 48, 307). 

Lead-compoimd. — When milk-sugar is digested with oxide of lead' 
and water at 50°, a soluble compound is obtained, together with 
another suspended in the liquid. The latter, obtained by filtration in 
air free from carbonic acid, is gummy, becomes grey and translucent 
when dry, turns yellow and gives off water at 100°, and then contains 
63*52 per cent. PbO. The solution, which has a sweet, alkaline, 
astringent taste, leaves, when evapwated in vacuo, a yellow gum 
soluble in watex', and containing' 18*12 per cent. PbO. Fr^m its solu- 
tion, ammonia precipitates the insoluble compound (Berzelius, Lehrh. 
3 Aufi. 9, 690). Dubrunfaut doubts whether these compounds still 
contain unaltered milk-sugar. 

Milk-sugar hinders the precipitation of ferric salts by alkalis. 
(H. Hose.) On the compound with cupric O'xide, vid. mp> 

Milk-sugar dissolves readily in distilled vinegar^ and crystallises 
unaltered on evaporation (Bouillon & Vogel). 

Milk-sugar is insoluble in alcohol and ether. 


Appendix to Milh~mgar. 

1. Lactose. 

Pasteub (1856). CompU rend. 42, 3475 1S56, 91; J.pr. Chem. 

68, 427; Chem.^Cmtr. 1856, 253- 

Galtactose (Beritielot), Mucoglucose, — According to Berthelot, Bouchardat was 
tlie first distinguish lactose from grape-sugar. — Lactose is perhaps identical with the 
jthgar pifrodheed by boiling gum with dilute acids (p. 199). (Berthelot, Ohim. ory, 
— E. O. Erdmann (Lieb. Kopp. Jahresbsr. 1855, 672) likewise recognised the 
pjfeculiar properties of lactose before Pasteur. 

Milk-sugar is boiled for several hours with 4 pts. of water and 
2 pel', cent, oil of vitriol, the liquid neutralised with chalk, the filtrate 
evaporated to a syrup, and then left to crystallise. 

Lactose crystallises more readily than grape-sugar, in nodules 
consisting of microscopic, limpid, rectangular prisms acuminated at the 
ends, —more generally of six-sided, round-edged laminse having a pea-", * 
shaped protuberance in the middle. Dextro-rotatory power Mi == 
fe*22° at 15° ; in the recently-prepared solution it is stronger fxjj = 
139*66°, but sinks to the former magnitude slowly at ordinary tempe- 
ratures ; instantly On boiling. 

Lactose yields with'nfrm add twice a^''much mucic 'acid as milk- ’ 
sugar, r— ^From 'an "alkaline ^olutiou it, reduces AS '"much cupric oxide as ’ 
gi*ape-sugar. — It ' ferments: in contact with' ' If the feiTncntatioU 



228 


ClUBO-HYDR^TES 


be interrupted before it is complete, the liq^uid still contains uiialfceied 
lactose, which therefore has not undergone any division or further 
alteration during the fermentation. In this fermentation, the same 
products are formed as in the fermentation of cane-sugar. (Pasteur, 
iV. A?m. Chm. Ph?/s. 58, 356.) ^ • i t » v- 

Lactose dissolves in ivater. It does not combine with chloride of 
sodmn, and dissolves but very sparingly in cold akoJiol 


2. Lactocaramel. 

or C“H“0“. 


A. Liebek. (1856.) Wien. Akad. Ber. 18, 180 ; J.pr. Chein. 68, 407 ; 

Cheiju Cenir. 1856, 548. 

Anhydrous Milk-sugar (Berzelius, Lehri. 3 Aufl. 9, 690). 

Formed, together with variable quantities of anhydrous milk-sugar 
and a substance insoluble in water, by heating milk-sugar to between 
ITO*’ and 180^ 

Milk-sugar is heated for several hours to 180® ; the pulverised 
residue is exhausted with boiling alcohol; the insoluble portion which 
has deliquesced to a syrup, is ^ssolved in water ; and the filtrate is 
evaporated. 

Dark brown, brittle, shining mass, becoming, after trituration, of a 
lighter brown than caramel. 

at 100®. Lieben. 

24 C 144 44‘44 44*36 

20 H 20 6*17 6-26 

20 O 160 49*39 49*38 

324 100*00 100*00 

Lacto-caramel is converted by heat into a substance insoluble in 
water, gradually at 170®, more quickly at temperatui'es above 200®. 
This insoluble substance is likewise produced in the preparation of 
lacto-cai'amel. It dissolves in nitric acid, partially in potash-ley, and 
is precipitated therefrom as red-brown powder by hydrochloric acid. 
It is quickly decomposed by dilute sulphuric acid and bichromate of 
potash^ with foimatioii of chromic oxide. 

Lacto-caramel dissolves readily in icater and is precipitated as a 
brown gum by alcohol. 

Aqueous lacto-caramel does not precipitate baryta- water. 

Lead-compound. — Aqueous lacto-caramel precipitates fi’om ammo- 
niacal sugar of lead a coffee-coloured powder, which when treated with 
cupric acetate forms the copper-compound of lacto-caramel. It dis- 
solves readily in acids, but is insoluble in water and in alcohol. 

Copper-compound. — Aqueous protochloride of copper is mixed in 
the cold with a larg*e excess of concentrated soda-ley, and the mixture 
is precipitated with aqueous lacto-caramel, — The compound is also 
produced when aqueous cupric acetate is pomed upon the lead-coin- 
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pound of lacto- caramel Olive-gi-een powder ^vhich gives off 3*55 p, c. 
water at 100°, and 7*85 p. c. at 150°, acquiring a darker colour, and 
blackening' at’ a higher temperature. — It is nearly insoluble in water. 
By boiling' it for some time with w'ater, a solution is obtained, which 
docs not yield the compound by evaporation, but on addition of alcohol 
deposits green flocks, easily soluble in water. 




In vacuo. 


Lieben. 

24 

C 

144-0 

.... 34-17 .... 

34-26 

22 

H 

22-0 

... 6-22 .... 

5'19 

22 

0 

176-0 .... 

.... 41*77 ... 

..... 42-68 

2 

CuO 

79-4 

.... 18-84 .... 

17*87 


c=qFCu202^ .... 

.... 421*4 .... 

100-00 ... 

100-00 


at 150®. 


Lieben. 

24 C 

144*0 .... 

37*36 ... 

36-74 

18 H 

.... 18*0 .... 

4-67 ... 

4-69 

18 0 

.... 144*0 .... 

.... 37-37 ... 

38*79 

2 CuO 

.... 79-4 .... 

.... 20*60 .... 

19*78 


385-4 ... 

100-00 ... 

100-00 


3. Gallactic Acid, 

or 

BdDEKJER & Strtjckmaw. Ami, Pharm, 100, 264 j J, pr, Chem, 70, 

414. 

Produced when milk-sugar is oxidised by cupric oxide in an alkaline 
solution. 

200 grm. milk-sugar are dissolved, together with 1200 grm. cupric 
sulphate in warm water ; soda-ley is added till the precipitate at lirst 
produced is redissolved ; the liquid is heated to boiling and filtered 
from the precipitated cuprous and cupric oxides ; and the filtrate is 
evaporated till as much as possible of the sulphate of soda has been re- 
moved by crystallisation. The mother-liquor is precipitated with ace- 
tate of bai'yta, freed from humoid substances by the addition of a small 
quantity of neutral acetate of lead, and after filtering, mixed with excess 
of that salt, whereby gallactatc of lead is precipitated, — whereas, if 
the quantity of cupric sulphate added is insufficient for complete oxida- 
tion, pcctolactic acid (p. 231) remains in solution and may be precipitated 
by basic acetate of lead. From the washed gallactate of lead, the acid 
may be separated by decomposing the salt with^ hydrosulphuric acid 
under water, evaporating the filtrate, redissolving in alcohol, and again 
evaporating. If tlie product is still contaminated with residues of soda, baryta, or 
pectolactic acid, it must be reprecipitated with neutral acetate of lead, and the precipi- 
tate decomposed as above. 

Pale yellow, inodorous, strongly acid syrup. 

Pleated on platinum-foil, it smells like burning malic acid, takes fire 
and leaves a residue of charcoal. — Not altered by potctsm-mijme 
tartrate. 

Soluble in all proportions in water. 
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With, bases it forms the gallactates. These salts, according to 
Bodeher k Struckmann, are bibasic, amorphous and mostly 

deliquescent. 

The aqueous acid does not precipitate : baryta-water, the hydro- 
chlorates of lime, baryta, zinc-oxide, ferric oxide and mercuric oxide, 
or cupric sulphate, or nitrate of silver; but fromym-w acetate, it throws 
down a red-brown, and from mercurous or mercuric nitrate, a white 
precipitate. 

The Qallactates of Ammonia, Potash, Soda and Bamjta are deli- 
quescent ; they remain, when their aqueous solutions are evaporated, 
as amber-yellow amorphous masses, and are precipitated from their 
aqueous solutions by alcohol, in white flocks which deliquesce on 
standing, 

Gallactate of Lime. — Aqueous gallactic acid is digested with 
pounded marble or neutralised with niillv of lime, and the filtered 
solutions are precipitated with excess of lime-water. — Wliite flocks, 
forming when dry, a pale yellow powder. Dried over oil of vitriol, it 
contains 24*5 p. c. lime (0^®0’,2Ca0 -i- 3aq. = 24*78 p. c. OaO), gives 
off 13*28 p. c. water at 110*^ (calc. 11*95), and then contains 28*26 
p. c. CaO 2CaO = 28*14 p. c.). 

Gallactate of Lead. — Heavy white powder. 

Over oil of vitriol. B6deker & Struckmann. 


14 C 

.... 84*0 . 

... 19*98 

19*83 

9 H 

90 . 

... 2*14 

2*11 

13 0 

.... 104*0 . 

.» 2474 

24*11 

2 PbO 

.... 223*4 .. 

... 53-14 

53*95 

C«ff07,2Pb0 + 6aq 

.... 420*4 . 

... 100-00 

100*00 


at 120®. Bodeker & Struckmann. 

14 C 84-0 .... 21-35 21-22 

6H 6*0 .... 1-53 1-48 

10 0 80-0 .... 20-33 19-58 

2PbO 223*4 .... 56-79 57*72 

Ci^HW,2PbO + 3aq 393*4 .... 100*00 100*00 

So according to Bodeker & Struckmann. 

Gallactate of Cojp^er. — Obtained by double decomposition as 
light-blue gummy precipitate. 

^ Mermrous Gallactate. — From mercurous nitrate and the aqueous 
acid. Dissolves with difficulty in dflute nitric acid. 

Mermric Gallactate. — Precipitated from the aqueous acid by 
mercuric nitrate, as a white amorphous body, pale yellow when dry. 
After drying over oil of vitriol, it contains 55*03 p. c. HgO, gives off 
7*92 p. c. water at 110°, and then contains 59*77 p. c. mercuric oxide 
/GMfl307,2HgO -h 3aq. = 55*96 p. c. HgO, 7*00 HO, and 60*17 p. c. 
HgO in the dried salt). 

Oaliactic acid dissolves in alcohol, but not in ether. 
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4, Pectolactic Acid. 

Bodeker & Strucmann. Ann. PJiarm. 100, 264, abstr. J. pr. Chem. 

70, 414. 

Obtained in tke preparation of gallactic acid, especially wlien the 
milk-sugar is heated with an insufficient quantity of free alkali, and 
less cupric oxide than is sufficient to convert it completely into g-allactic 
acid. Kemains in solution after the gallactic acid has been pre- 
cipitated with neutral acetate of lead, is precipitated by basic acetate 
of lead, and obtained in the free state by decomposing' the washed 
precipitate with sulphuretted hydrogen, as described for gallactic acid 
(p. 229). 

Scentless, brown, acid syrup. After diying over oil of vitriol it 
retains 5 at. water, at 100°, 2 at. 

Over oil of vitriol. . Bodeker & Struckmann. 

TG C 96 .... 39'18 39-10 

13 H 13 .... 5'31 6-10 

17 0 136 .... 55-51 54-80 

C16HS012 + 5aq 245 .... 100*00 100*00 

ai 120®. Bodeker & Stnickmann. 

16 C 96 .... 44*04 43*48 

10 H 10 .... 4*59 5*48 

14 0 112 .... 51'37 61-04 


+ 2aq 218 .... 100*00 100-00 

From potassio-cupriG tartrate^ at the boiling heat, it reduces cuprous 
oxide. — It does not alter aqueous nitrate of silver in the cold, but 
colours it yellow on boiling, purple-red after addition of ammonia and 
precipitates the metal in the specular form. May not the acid have contamed 
milk-sugar? Kr. 

The pectolactates^ according to Bodeker & Struckmann, are hibask 
; those of the alkalis and alkaline earths are easily soluble 
in water, but Avith exception of the lime-salt, precipitable by 
alcohol. The only pectolactate that has been obtained in the anliydi’ous 
state is the basic ferric salt. 

Pectolactate of Baryta. — Obtained by neutralising the acid with 
baryta-water, and precipitating with alcohol, as a sticky mass, changing 
to a white powder when absolute alcohol is poured upon it. After 
drying over oil of vitriol, it gives off 5*75 p. c. Avater at 100^. Dried 
over oil of vitriol it contains, on the average, 21*77 p. c. C,, 8*61 H., 
and 86*89 BaO ; after drying at 100°, it contains 23*00 0., 3*00 H., and 
89*08 BaO. Ebdeker & Strackmaim assign to the former salt the formula 
+ 9aq.s to the latter, C^®H®0^®,2Ba0 + 6aq. Calculation agrees with 
the analytical results so far as regards the baryta and hydrogen, but not for the carbon, 
because, according to B* & St., a portion of the latter remained unbnrned. 

Ferric Pectolactate. — Obtained by precitating ferric acetate Avitli 
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pectolactate of ammonia, as a rust-coloiirecl precipitate sohiLIc in 
soda-ley. — cc. Dried over oil of vitriol. Contains 60*8 p. c. Fc^O^, g’ivcs 
oS 15*43 p. c. water at 120°, and is therefore C’‘''I-PO^‘’,6FoW + 14aq. 
(calc. 60*91 Fe=0^, 15*81 aq.)— 5. Dried at 100°. Contains 65*41 p. c. 
Fe^O^ gives off 9*1 ]>. c. water at 120°, and is therefore C^®IP0'^CFe®0^ 
4- 8aq. (calc. 65*39 Fe^O® and 9*81 aq.). — c. At 120°. Contains from 
71*4 to 72*4 p. c. Fe20^ and is therefore 0^«H«0'°,6FeW (calc. 72*51 
IVO®) B5deker & Struckmann. 

Pectolactic acid is soluble in alcohol^ insoluble in eflm\ 


If 5. Isobiglycolethylenic Acid. 

(312ppoOl3. 


Elasiwetz (1861) Ann. Pharm. 119, 281. 

Bakth & Hlasiwetz. Ann. Pharm. 122, 96. 

JsodigJycoJathylensaure. 

Formation. By treating milk-sugar or guim-arabic with bromine, 
and decomposing the resulting brominated compound with moist 
oxide of silver or of lead, or with caustic soda. The composition of the 
brominated product has not been exactly ascertained. Barth & Hlasiwetz however 
suppose that it has the composition and is formed from milk-sugar by 

the simple addition of 2 at. bromine [and elimination of 1 at. water]. The formation 
of isobiglycolethylenic acid from it by the action of bases may then be supposed to take 
place as .represented by tbe equation : C^^gioQiogfS 4 . 2AgO = 4 * 2 AgBr. 

They find, in fact, that 2 at. bromine are sufiScient for the production of this compound 
from I at. milk-sugar, though in their earlier experiments they used 4 at. bromine, 
supposing that a substitution-product would be formed + Br"^ = 

+ 2HBr + 110). Hydrobromic acid is, in fact, produced as well as car- 
bonic acid and other products; but these appear to result from a secondary action, and 
are formed more abundantly as the proportion of bromine used is larger. Moreover 
tbe decomposition of the compound by oxide of silver, &c,, would vield, 

not but 


Preparation. 1. The milk-sugar, or gum, and bromine, together 
with a convenient quantity of water, are enclosed, according* to the 
quantity of material used, either in sealed tubes or in strong glass 
bottles (champagne or soda-water bottles) secured with caoutcliouc 
stoppers and binding ydre, and heated in the water-bath for five or 
six hours till the bromine disappears, and a colourless or yellowisli 
liquid is produced. The tubes or bottles are then opened, whereupon 
carbonic acid escapes and an odour like that of chloz'oform becomes 
perceptible ; the somewhat dilute liquid is neutralised with moist oxide 
of silver or oxide of lead; the pasty mass is washed on a filter with 
hot water ; and the filtrate — ydiich, when oxide of silver is used, soon 
becomes coloured by reduced silver — is precipitated witli hydro- 
sulphuric acid. If the filtered liquid be then merely freed from hydro- 
sulphuric acid by heat and concentrated, it docs not yield the acid in 
crystals, as it is still somewhat impure. To purify it iurtlier, it is eva- 
porated to a small bulk at a gentle heat; freed from lime (which is 
always present in commercial milk-sugar) by adding alcohol as long 



TSOBIGLYCOLETinXENlC ACIB. 


233 


turbidity is thereby produced ; then filtered ; distilled to remove the 
alcohol ; diluted ; boiled to drive off the last portions of alcohol ; treated, 
while still hot, wdth carbonate of cadmium till it ceases to effervesce ; 
and the solution of the cadmium-salt, Vvdiich has a slight acid reactiou, 
is decolorised with animal charcoal and left to crystallise, an additional 
(juantity being obtained from the mother-liquors. This salt is but 
sparingly soluble even in boiling' water ; the cadmium may, however, 
be easily separated from it by passing’ sulphuretted hydrogen into a 
thin paste of the salt, kept at the boiling heat in a flask, the acid 
thus gradually set free dissolving the rest of the salt. Finally, the liquid 
filtered from sulpiride of cadmium is concentrated over the water-bath 
to a thin syrup and left to crystallise ; it then, after a few days, yields 
groups of crystalline needles, and the whole gTaclually solidifies to a 
soft crystalline mass, which becomes friable when dried over oil of 
vitriol in vacuo. 

2. The liquid obtained as above by heating milk-sugar or g'um 
with bromine is saturated with soda and boiled ; whereby it*feicquires 
an acid reaction. If again neutralised, concentrated, and left to 
stand, it deposits a mixture of crystals, which must be freed from the 
mother-liquor by pressure and rcdissolvcd. Isobiglycolethylenatc of 
sodium then crystallises out alone, and may he purified by animal 
charcoal. It may be converted into the cadmium- salt by precipitation, 
and the acid obtained therefrom as above. 

Properties. Small, highly deliquescent needles. Taste sour and 
agreeable, much weakened by dilution with water. Melts to a syrup 
at the heat of the water-bath. Ltevo-rotatory. A solution, 72 mm, 
long and containing 11*137 p. c. of the acid, produces a deflection of 
2® to the left 


Bartli & Hlasiwfttz. 

* from Milk-sugar, from Gimi-arahic. 



Dried at 100®. 

(mean.) 


12 C 

72 .... 40’45 

40'B7 

40-28 

10 H 

10 .... 5*61 

5*85 

5*69 

12 0 

96 .... 53*94 

53-78 

54 03 


178 .... 100*00 

100*00 

100*00 


It is isomeric with Wurtz's tiglycolethylenic acid ; — may be derived from milk- 
sugar, by abstraction of 1 at. water and addition of 2 at. oxygen ; differs from 

tartaric acid, by 2C^H^, from aconitic acid, by H**, and from Gorup^s 

mannitic acid, by 2 HO. 

Decompositions. 1. The acid becomes somewhat coloured when 
heated for some time to 100°. Heated on platinum-foil, it burns with 
an odour of sugar and formation of a tumefied perfectly combustible 
coal. — 2. When carefully oxidised with nitric acid, it yields chiefly 
mucic acid,-— 3. Fused with potash, it yields acetic and oxalic acids, 
together with other products. — 4. The aqueous solution neutralised 
with ammonia reduces nitrate of silver when heated, forming a specular 
deposit of silver. — 5. It reduces an alkaline solution of mpric oxide, 
when heated with it. 

Conibiriations. A. With Wetter, The acid dried over oil of vitriol 



CARBO-HYDRATES Cm^O^K 


234 

in vacuo, gives off, when heated to 100 for 24 hours, 13*9 p. c. water, 
corresponding to the formula (calc, 13*19 p. c.) A 

sample heated for 12 hours only, gave by analysis 38*2 p. c. carbon, 
and 6*02 hydrogen, corresponding to the formula 

The acid dissolves easily in water, 

B. With Bases. All the salts of isobiglycolethylenic acid hitherto 
obtained, except the lead-salt, agree with the formula 
The acid appears therefore (if it contains only 12 at. 0.) to be mono- 
basic, though, in its mode of formation and its reactions with nitrio 
acid and with potash, it appears rather to resemble the polybasio 
acids. Most of its salts dissolve easily in water and crystallise well ; 
the cadmium and silver salts however are but sparingly soluble. 
They are insoluble in alcohol, which precipitates them from their 
aqueous solutions. They contain water of crystallisation, which they 
do not give off completely till heated to 140°, and even then not without 
partial decomposition. 

The iqueous solution of the acid is not precipitated by baryta- or 
liine-water, by acetate of lead, either neutral or basic, or by mercuric 
nitrate ; but acetate of had mixed with ammonia precipitates it com- 
pletely. It easily dissolves hydrated cupric oxide; does not alter 
ferric chloride. 

Ammonia-salt. — On mixing the aqueous acid with excess of 
ammonia, boiling till the odour of ammonia is no longer perceptible, 
decolorising with charcoal, and concentrating to a thickish cojisistence, 
the ammonia-salt separates after a few days in crystals, which may 
he purified by recrystallisation. When prepared from a sufficient 
quantity of material, it forms thick, solid, transparent, colourless 
crystals belonging to the oblique prismatic system, sometimes 4 or 
5 lam. broad, easily soluble in water, nearly insoluble in alcohol. 


Air-dried. 

12 0 

72 

... 33*80 . 

Baith & Hlasiwetz. 
mean. 

33-69 

15 H 

15 

... 7*03 . 

7-37 

N 

14 

... 6'52 . 

G-64 

14 0 

..... 112 

... 52-65 . 

52*30 

C‘3HS(NH-')0‘s + 2aq 

213 

... 100*00 . 

100-00 


Heated for some time to 100°, it gives off 3*68 p. c. (nearly 1 at.) 
water, and at 120°, at which temperature however it^becomes slightly 
brown, 8*74 p. c. (calc. 2 at. = 8*44 p.c.). 

Potash-salt. — Extremely soluble in water, and not obtainable in tli (3 
crystalline form. An alcoholic solution of the acid mixed with alcoliolic 
potash yields the salt in the form of a clotted precipitate which becomcB 
brittle and friable when dried at 100°. 

Poda-salt . — Prepared as already described (p. 233), or by neutralising 
the aqueous acid with carbonate of soda. Oiystallises readily in tufts 
of small colourless prisms containing 6 at. water, of which 4 at. or 14*45 
p. c. (calc. 14*17 p. c.) are given off at 100. 
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a.t 100°. Bartli & Hlasiwetz. 

a. b, 

12 C 72 .... 33-03 .... 33*43 

11 H 11 .... 5*05 .... 5*35 

ITa 23 .... 10*55 .... 10*30 .... 10*52 

14 0 112 .... 51*37 .... 50*92 


Ci2H9NaOi2 + 2aq 218 .... 100*00 ... 100*00 

Air-dried, Barth & Hlasiwetz. 

a, h, 

CiaHiiNaO^^ 218 .... 85*83 

4 HO 36 .... 14*17 .... 14*45 .... 14*43 


Ci2H»NaOi2 + 6aq 254 .... 100*00 


a. Prepared hy neutralising the aqueous acid with carbonate of soda ; 5. h3>- decom- 
posing the brominated acid (p. 233) with caustic soda. 

Barijta-salt. — Tlie solution of the acid saturated with caustic 
baryta or the carbonate dries up to a gummy mass. 

Strontia-salt. — Eesembles the baryta-salt. 

Lhne-salt. — Prom a boiling aqueous solution of the acid, either pure 
or crude, neutralised with carbonate of lime and decolorised with 
charcoal, the lime-salt separates in crystals often united in crusts, and 
tightly attached to the sides of the vessel. By recrystallisation from 
more dilute solutions it is obtained in rather large, thick, perfectly 
colourless shining tables. — The crystals contain 7 at. water, 4 of which 
are given off at 100® and the rest at 140°, 

at 140'** Barth & Hlasiwetz. 


12 C 

9 H 

Ca 

12 0 

72 ... 

9 ... 

20 ... 

96 ... 

36*54 

4*57 

10*15 

.... 48*74 

35*63 

5*11 

10*31 

48*95 

C“II9CaO“ 

197 ... 

'100*00 

100*00 




Barth & Hlasiwetz. 


at 100^ 


mean. 

12 C 

..... 72 ... 

32*14 

31*79 

12 H 

12 ... 

5*35 


Ca 

20 ... 

8*92 

8*65 

15 0 

120 ... 

53*59 

53*91 

CisppCaOis + 3aq. . 

... 224 ... 

100*00 

100*00 


Air-dried, Barth & Hlasiwetz. 

mean. 

12 C 72 .... 27*69 .... 27*69 

16 H 16 .... 6*15 .... 6*41 

Ca 20 .... 7*69 .... 7*77 

19 0 152 .... 58*47 .... 58*13 

+ 7aq 260 100*00 .... lOO'OO 

Or : . Barth & Hlasiwetz. 

Ci^H^CaO^ 197 .... 75*68 

7 HO 63 .... 24*32 .... 24*32 .... 25*41 

Ci2H»CaOJ3 + 7aq. 260 100*00 
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The quantity of water given off at 100’ was in two experiments 13‘0tJ and 13*42 
p. r. ; calculation for 4 at. gives 3 3*81 p. c. g 

Another hydrate containing 3^ at. water was obtain od from the 
strongly coloured syrupy mother-liquid which remained after the pre- 
paration of the lime-salt by treating the crude acid with carbonate of 
lime. The colouring matter was removed by precipitation with acetate 
of lead ; the filtered liquid was treated with hydro-sulphuric acid: con- 
centrated; precipitated with alcohol; and the viscid lime-salt thus 
obtained was redissolved in water, decolorised with animal charcoal, 
and crystallised. It was thus obtained in small crystals which filled 
the liquid an^ reduced it to a pasty mass. 



Air-dried. 


Barth & Hlasiwetz. 

24 C 

144 ... 

31*51 

31*39 

25 H 

25 ... 

,. 5*47 

5*66 

2 Ca 

40 ... 

8*75 

8*81 

31 0 

248 ... 

. 54*27 

54*14 


7aq. 457 ... 

. 100^00 

100-00 


Cadmium-salt (Preparation p. 233). The salt crystallises with different 
qualities of water, according to the concentration of the solution from 
which it separates. 

C^^H^CdO^^ -f 3HO. Separates dining the cooling of hot 
saturated solutions, in small crystals united in friable aggregates, and 
presenting under the microscope the appearance of oblique prismatic 
(monoclinic) needles, veiy much flattened by the predominance of the 
faces parallel to the clinodiagonal. They give off 10*12 p. c. water 
(3 at. = 10*38) p. c. at 140®, hut do not become completely 
anhydrous till heated to loO® in a current of air, and at the same time 
become somewhat coloured. Veiy slightly soluble in water, even at 
the boiling heat. 


Barth & Hlasiwetz. 


jirr-ariea, a. p. y. 

12 C 72 .... 27*69 .... 27*49 .... 27*73 .... 27*78 

12 H 12 .... 4*61 .... 4*89 .... 4*92 .... 4*83 

Cd 56 .... 21*53 .... 21*36 .... 20*87 

15 O 120 .... 46*17 .... 46*26 .... 46*48 


C^sH^CdO + 3aq..... 260 .... 100*00 .... 100*00 .... 3 00*00 


(t. Mean of six analyses of the salt prepared, as described at page 232, from 
isobiglycolethylenic acid obtained by heating 1 at. milk-sugar with 4 at. bromine, 
decomposing the product with oxide of silver, &c, — /3, Analysis of tlie salt prepared 
with acid obtained from 3 at. milk-sugar and 2 at. bromine. — y. The same with 8 at. 
bromine. 

h. -f 6110. Separates by slow evaporation from the 

mother-liquor of the preceding, or generally from dilute solutions, by 
spontaneous evaporation, in well developed, shining, monoclinic crystals, 
mostly united in tufts. Yery sparingly soluble in cold water ; rather 
more soluble than the preceding in boifing water. 
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Barth & Hlasiwetz. 
a. /3. 



Air^dried. 


mean. 

mean. 

12 C 

72 ... 

. 25*08 .... 

24*77 .... 

25*19 

15 H 

15 ... 

. 5*22 ... 

5*50 .... 

5*53 

Cd 

56 .... 

. 19*50 .... 

19*25 .... 

19*02 

18 0 


. 50*20 ... 

50*48 ... 

50*26 

C^2H9Cd0^2 + G aq... 

287 ... 

. 100*00 ... 

100*00 ... 

100*00 


a. Prepared from milk-sugar, — Prepared from gum-arabic. 


Tins hydrate, like the preceding, cannot be completely dehydrated 
without slight coloration. At 140° it lost, in two experiments, 20*95 
and 20*10 p. c. water (3 at. = 18*81 p.c.). The salt thus* dried g*ave 
by analysis 30*20 p. c. carbon and 4*12 hydrogen, the formula 
C^'H^CdO^^ requiring 30*9 and 3*9, 

Lead-salt — O^^HTbO^^iPbO + aq. ? The aqueous acid mixed 
with ammoniacal sugar of lead yields a bulky white precipitate which 
becomes somewhat denser if left under the liquid. 





Barth & Hlasiwetz. 

12 C 

. 72 

9*82 . 

9*16 

10 H 

. 10 

1*35 . 

1-13 

5 PbO 

. 557-5 . 

... 70*30 . 

71*37 

11 0 

. 88 

... 18*53 . 

18*34 





Ci2H0PbOi^4PbO + aq. 

727*5 . 

... 100*00 . 

100*00 


Copper-salt. — Carbonate of copper dissolves in the aqueous acid, 
forming an emerald- green liquid, which dries up to dark green 
transparent films. 

Silver-salt. — Yery strong.solutions of the potash-salt and nitrate of 
silver yield an amorphous gelatinous precipitate which soon turns 
brown when exposed to light. It is soluble in water. Isobiglycole- 
thylenic acid dissolves in warm alcohol^ and is precipitated therefrom in 
fiocks by ether. T. 


Cane-sugar. 

Q 24 ] 3;22022 qy 

ScHRiOKEii. Dm. de Salih, sacchannisy &c., Giessos. 1770. 
Oruikshakk. Seller. J. 1, 637 ; 3, 289. 

Booillon-Lagrange. Ann. Ckim. 71, 91. 

Berzelius. Am. Chim. 95, 59. 

KuHLMAJsnsr. Ann. Chim. Phys. 54, 323 ; Ann. Pharm, 9, 213 ; J. pr. 
Chem. 2, 235 (Preparation). — rend. 30, 841; Dmgl. 116, 61 

(the same). 

Peligot. Ann. Chim. Phys. 67, 118 ; J. pr. Chem. 15, 65 ; iV. Pr. 
Arch. 15, 227 ; abstr. Ann. Pharm. 30, 69 (Decompositions by 
Heat. — Compounds with Bases). — Ann. Chim. Phys. 73, 103; 
J. pr. Chem. 17, 183; Ann. Pharm. 80, 91; Compt. rend. 8, 530 
(Lead-compounds of Cane-sugar).— if, /• Pharm, 2, 103 (the 
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ssuney-^Compt rend 32, 333 ; JSf. X F/iarm. 19, 324 ; Ann. Fliarm. 
80, 342; /. Ghem. 52, 405; in detail: FT. Ann. Chm. Fhys. 54, 
377 (Sngar-lime). ~ Compt. rend. 32, 421 (Analyses of Cane-sugars). 
Tentzke. J. pr. Cheni. 25, 64; 28, 101 (Polarisation). 

Hochstetter. J. pr. Cliem. 29, 1 (Decompositions). 

Dueeenfaet. Ann. Fharm, 17, 283 (Manufacture). — Inversion : 

1. Compt. rend. 23, 38; in detail: N. Ami. Chim. Fhys. 18, 99. — 

2. N. Ann. Chirn. Fhys. 21, 169 ; J. pr. Ghem. 42, 418 ; Fharm. Centr. 

1849, 643. — 1 to 3 consecutively: Compt. rend. 32, 498. — Estima- 
tion: m?X 32, 249 ; Fharm. Centr. 1851, 278; 121, 

299 , — Compt. rend. 32, 857; J. pr. Ghem. 53, 508; Dingl.l2\, 
305. 

SouBEiRAiC. JSf. J. Fharm. 1, 1 and 89 ; J. pr. Ghem. 27, 281 (Trans- 
formations of Sugar by Water and Heat). — F\ J. Fharm. 1, 469 ;• 
Aim. Fharm. 43, 223 ; J. pr. Ghem. 26, 498 (Oompoimds with Lime, 
Baiyta, and Lead). — Compt. rend. 28, 774 ; in detail : N. J. Fharm. 
16, 252; J. p)r. Ghem. 49, 65 (Sugar in Honey). — N.J. Fharm. 19,, 
329 (Sugar-lime). 

Maumene. Compt. rend 30, 314, and 447 ; Fharm. Centr. 1850, 340 ; 
Compt. rend. 8%, 422 ; J.pr. Ghem. 63, 75; Ghem. Centr. 1854, 735 ; 
Ghem. Gaz. 1854, 413 (Caramelin), — Compt. rend. 39, 914; J. pr. 
Chm. 64, 147 ; Chem. Centr. 1854, 920 (Action of Water). — 
Comj3 A rend. 42, 645 ; pr. Chem. 69, 256; in detail: W. Ann. 
Chim. Fhys. 48, 23 (Preparation on the large scale). — Compt. rend. 
45, 1021; J. pr. Chem. 74, 232 (Formation of Alcohols by Fer- 
mentation). 

Alcoholic or Vinous Fermentation: Pasteue. 1. Compt. rend. Ad, 1082 
J. pr. Chem, 73, 451 ; Chem. Gaz. 1858, 61 ; Eopp^s Jahresher. 1857,' 
508.— 2. Compt. rend. 46, 179; J. pr. Chem. 73, 457; Ann. Fharm. 105, 
264. — 3. Compt. rend. 46, 857; J.pr. Chem. 73, 506 ; Ann. Fharm. 
106, 338.-4. Compt. rend A7,22A^ J.pr. Chem. 74,512; Chem. 
Centr. 1858, 685. — 5. Compt. rend. 47, 1011 ; J.pr. Chem. 76, 369 
Chem. Centr. 1859, 175 ; 2 to 5 also in Koj}p'^s Jahresher. 1858, 484., 
— ^6. Compt. rend. AS, OAO I Ftp. Chim. pure, 1,310. — 7. Against 
Berthelot, Compt. rend 48, 691, and 737. — 8. Compt. rend. 48, 735 ; 
Mp.€hm.pure,l,8dbi Chem. Centr. 1859, 671. — 9. Compt. rend. 
48, 1149; Fip, CMm.pnre, 1, 519; FhiL Mag. [A"], 181, 239. — 6 to 
9 also in Kopp's Jahresher. 1859, 549. The whole 1 to 9, N. Ami. 
Chim. Fhys. 58, 323. 

Lactous Fermentation : Pasteur. Compt. rend. 45, 913 ; J. pr. Chem. 
73, 447; in detail: N. Ann. Chim. Fhys. .52, 404; ahstr. Kopp\^ 
Jahresher. 1857, 510. — Compt. rend. 47, 224 ; Kopfs Jahresher. 
1858, 484. — Compt. rend. 48, 337; J. pr. Chem. 77, 27; Kopp\^- 
Jahresher. 1859, 553. 

M. Berthelot. Transformation by Salts : Compt. rend. 34, 800 ; 
Ff. J. Fharm. 22, 37; Ann. Fharm. 83, 104; in detail: Ff. Amu. 
CMm. Fhys. 38, 57. — Solubility of Lime in Sugar- water: F. Ann. 
Chim. Fhys. A% 123. — Compounds with Acids: Compt. rend. .41, 
452 ; J. p}r. Chem. 67, 235. — Compt. rend. 45, 268; Ff. J. Fharm. 
33, 95 ; J. pr. Chem. 73, 157; Ghenfu Qaz. 1857,441; in detail: 

; .Ff. Ann. Chim. Fhys. 54, 74. — Fermentation: Compt. rend.AS, 
238; Ff. J. Fharm. 30, 269 ; J. pr. Chem. 69, 454. — Compt. rend. 
44, 702; J.j^r. Chem. 71, 321; in detail: W Am. CMm. Fhys. 50, 

, 3^2. ^Occurrence: 46, 1376 ; in detail : W. Am. CMm. 
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Pkys. 55, 28G, — Chimie organique fondee sur la sgntJiese, Paris, 
1860. 

Bectiamp. Decomposition by Water and Salts : Compt. rend. 40, 436 ; 
jSF. J. Pliarm. 27, 274. — Compt. rend, 46, 44; J. pr, Ghem. 74, 495 ; 
ill detail : N. Ann. Chim. Phys. 54, 28. 

Buignet. N. A7m, CUm. Phys. 61, 233. 

Common Sugar. Crystallisa'ble Sugar. Sucre cte canne. Hokrzuclcer. — Sac^ 
charose (Berthelot). — Known in India and China, from yexy early times, 
and in Europe since the time of Alexander the Great, the culture of 
the su,s;ar-cane was imported, in the fourteenth and fifteenth centuries, 
from Nubia, Arabia, and Egypt into Spain, Portugal, and the Ganaiy 
Islands, afterwards to America : it was only after this last importa- 
tion that it came into general use. The presence of cane-sugar in 
beet and other plants, indigenous in Europe, was first demonstrated 
in 1747 by Marggraf, and its preparation on the large scale from 
beet was introduced by Achard. An important auxiliary in the study 
of the different varieties of sugar was afforded by the phenomena of 
circular polarisation discovered by Biot. 

Sources. In the vegetable kingdom universally diffused, existing 
apparently in many plants, from which, in consequence of the niodc^ 
of examination formerly adopted, only fruit-sugar or grape-sugar 
had been obtained. In the stems of Grasses: Of the sugar-cane,- 
Sacchariim qficinarimi ; of the Asiatic sngar-cane, Sorghum sac- 
chmntum ; of maize, and probably also of other cereals. The juice of 
the sugar-cane contains more than 20 per cent, of cane-sugar, 
unmixed with any other kind of sugar. (Avequin ; Plagne, J. Pharm. 
26, 248 ; Poll got.) It contains no optically active substance except 
cane-sugar. (Glerget.) The stems of Soj’gimm saccharatum, when- 
quite, ripe, contain from' 9 to 9|- p. c. cane-sugar, but no fruit- 
sugar (Gbssmann, A^in. Pharm. 104, 335; Hen7ieberg^$ landw. Jour- 
nal 6, 294); Bergemaim found only fruit-sugar; Liidersdorff and 
Fehling found cane-sugar and fruit-sugar. {Hemeheip^s Imidw. Jahmh, 
1854, 245.) The unripe stems contain only fruit-sugar and starch, 
which latter disappears in the process of ripening, in proportion as 
cane-sugar makes its appearance. (Jackson, Compt. retid. 46, 55 ; 
Leplay, Compt, 7*end, 46, 444.) — The juice of maize-stems cut at tlnv 
at the time of ripening, is especially rich in cane-sugar, if the female 
bowers have been removed during the flowering season ; it appears 
to contain a little glucose as well as cane-sugar. (Soubeiran & Biot, 
Compt. rend, 15, 523; Pelouze, Compt. mid 15, 580.) Maize-stems; 
cut shortly after the floweriug of the plant, contain a quantity of’ 
sugar amounting to between 7*4 and 7*9 p. c. of the juice, and about 
half consisting of cane sugar. (Ludersdorff.) , 

In the jkshy roots of Angelica a7'changelica (A. Buchner), Beta mil- 
Gharophyllum bidbosum (Payen), Cichorium Intyhus, Buucus Carota, 
Helianihm tuheros^iSj Leontodon taraxacum., Pastinaca sativa^ Sium Smrum^ 
and others. — Field beet or mangold- wurzel contains, on the average, 
between 7 and 11 p. c., in particular cases as much as 14 p. c. of oane- 
sugar, the proportion varying with the kind of manure employed, 
the locality, and the variety and size of the beet, the largest quantity 
being yielded by the white Silesian sugar-beet Small kinds are- 
generally richer in sugar than the larger* In one and the same beet,' 
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tbe leaf-liead contains the smallest, the middle of the fleshy stem the 
largest amount of sugar, Beet contains no other sugar than cane- 
sugar (Payen, Compt. rend. 15, 618), but it contains another optically 
active stibstance which is not altered by acids. (Clergct, . Ami. 
Cliim. Phys. 26, 175.) (On the variations in the amount of sugar under different 
influences, see Henneh. landw. Jahresber. 2 Abth. 1853, 27 ; 1854, 23; 1850 and 
1856, 31.) — In ‘the tubers of Lathyms tiiberosns (Braconnot) ; in the 
sweet potato of St. Domingo (of Convolvulus batatas), Avequin 
(X Phann. 21, 548). 

In the stem of the sugar-maple, Acer saccharinum, of the sycamore, 
Acer Pseudoj)latamiSj and other species of Acer (Cadell, Thonis. Ann. 
lb, 234) ; of some species of Betula (Schleiden) ; in the vernal juice of 
Juglans alba (Bigelow, ScJier. Ann. 8, 118) ; of Tilia europma (Riegel, 
Jahrb.pr. Pharm. 14, 155). In several palms, especially the Saguerus 
PiunpMi of Java (Berthelot, N, Ann, Chun. Phjs. 55, 286 ; comp. Pereira, 
Pf. J. Phann. 9, 345.) 

In Fruits. The sugar which forms- in fruits at the season of matu- 
rity is always cane-sugar ; under the influence of a peculiar bind of 
ferment, (vid. inf., p. 254) however, it rnay he converted wholly or par- 
tially into inverse sugar ; so that the lipe fruit sometimes contains only 
inverse sugar, sometimes both binds together. Pigs, grapes, cherries, 
Spanish cherries, strawberries, of the variety called Prbicme royak, 
and gooseberries, contain no cane-sugar, but only inverse sugar j 
other fruits contain both Muds in various proportions. (Buignet.) 
The l^vo-rotatory (inverse) sugar of grapes deposits on standing 
dextro-rotatory grape-sugar, and retains its leevo-rotatory power, oven 
in the dried grape, with liquid or granular contents. If syrup of grape- 
juice turns the plane of polarisation to the right, it is in consequence 
of alterations which have especially affected the Isevo-rotatory fruit- 
sugar. Thus the Acarus farince and ants devour the laevo-rotatory 
fruit-sugar and leave dextro-rotatory grape-sugar behind. (Dubrunfaut, 
Compt. rend. 29, 54.) Oranges, ripe or unripe, contain both kinds of 
sugar, the relative proportion of the two changing during the process 
of maturation. The quantity of inverse sugar remains nearly the 
same, but that of cane-sugar increases in proportion to the total 
weight of the solid matters as well as of the inverse sugar. (Berthelot 
& Buignet, Compt. rend. 51, 1094.) Apples and pears contain cane- 
sugar, and either a peculiar Isevo-rotatory sugar, or more probably 
inverse sugar, which, before the time of the observation, undergoes an 
iiTeguIar decomposition, first attacking the dextro-rotatory gra|)e“ 
sug^r (as in Dubrunfaut’s fermentation experiment), and thereby 
giving the preponderance of rotatory power to the Ise vo-rotatory fruit- 
sngar, formed from the inverse sugar. (Buignet.) — Unripe bananas 
contain a peculiar tannin, starch, and cane-sugar, the quantity of the last 
increasing as the fruit ripens in proportion as the other two disappear. 
In bpaiias artificially ripened after their removal from the tree, the 
tannin and starch have likewise disappeared ; on the other hand, they 
contain 15 p.c. sngar, one-third consisting- of cane-sugar, and the remain- 
ing two-thirds of inverse sugar, which latter appears to be formed from 
starch during the process of vegetation, and is present instead of cane* 
su^r in the artificially ripened fruit. The formation of cane-sugar in 
fruits is not^ preveRted by the presence of acids. (Buignet.) The 
sugar of fruits was formerly regarded as distinct from cane-sugar; 
but the presence of cane-sugar has been demonstrated in .melons by 
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Paycn; in bananas by Avequiii (/. Pliarm, 24, 556), and in dates by 
Bonastrc (/. Pliarm. 18, 725). On the amount of sugar in various 
kinds of fruit, see Fresenms, Ann. Pkarm. 101, 219 ; Buignet, iY. Ann. 
Chim. Phjs. Gl, 24-3. 

Walnuts, hazel-nuts, bitter almonds, and sweet almonds contain 
only cane-sugar (Pelouze, ConvpL rend. 40, 608) ; also the carob bean 
or St. John’s broad, the fruit of Oeratoma Siliqua (Berthelot), aiid 
coffee-beans (Stenhousc, G-rahani &: Campbell, Chem. Soc. Qu. J . 9, 33 ; 
Chem. Centr. 1857, 54). 

The nectar of the flowers of Pliododendron ponticum contains cane- 
sugar (Gr. Jiiger, Tiedemann's Zeitschr. f. Phjsiol. 2, 173), which is even 
found in crystals in the flowers of this plant. (Sthamer, N. Br. Arch. 
59, 151.) The nectar of various kinds of cactus contains scarcely any- 
thing but cane-sugar, that of other flowers likewise contains fruit- 
sugar. (Braconnot, J. Gliini. med. 19, 3 ; J. pr, Chem. 30, 363 ; coinp. 
Ludwig, N. Br. Arch. 107, 10.) — The honey of Polijhia apicipenms, an 
American wasp, yields crystals of cane-sugar. (Karsten, Bogy. 100, 
550; J. pr. Chem. 11, 2>lb.) Common bees’ honey contains Imvo-rota- 
tory fruit-sugar (in excess, according to Dubrunfaut), dextro-rotatory 
grape-sugar, and cane-sugar ; the latter is found more frequently in 
the liquid honey as it exists in the cells, and disappears almost entirely 
when the honey is kept. (Soubeiran, N. J. Phann. IG, 253 ; J. pr. 
Chem. 49, 65; abstr. rend. 28, 775; Lieh. Kopp. Jahresher. 1849, 

465.) The cane-sugar of fresh honey is inverted during keeping by 
the action of the adhering ferment, and may then deposit fi’om 20 to 
30 per cent, of dextro-rotatory grape-sugar, while Imvo -rotatory fruit- 
sugar remains behind. (Dubrunfaut, Compt. rend. 29, 51.) 

It is doubtful whether panoclie-sugar should be regarded as a kind 
of cane-sugar. It is found on the surface of the leaves of a Californian 
sugar-cane, and appears to be juice exuded in consequence of the 
punctures of insects and dried (Johnson, Sill. Ann, J . [2], 22,' 6 ; Chem. 
Centr. 1856, 764; N. Br. Arch. 93, 54; J.pr. Chem. 70, 245). 

% Manna from Sinai (the produce of Tamarix^ mannifera) contains 
55 p. c. cane-sugar, 25 inverse sugar and 20 dextrin &c..; manna from 
Kurdistan contains 61 p. c. canc-sngar, 16*5 inverse sugar, and 
22*5 dextrin &c* (Berthelot, Conipt. rend. 53, 583 ; Pep. Chvni. pure, 


4, 29.) t. . 

The bark of Pimis sylvestns contains a sugar winch is obtamed m 
the preparation of pinicoiTetin (p. 33), but is somewhat difficult to 
crystallise on account of impurities. This, after drying at 100% con- 
tains 39*68 p, c. C., 6*92 TL, and 53*40 0. conrespondmg to the formula 
— In the preparation of pinipicrin from pine-needles (vid. inf.) 
a sugar is obtained, which, when purified by dissolving it in aqueous 
alcohol, evaporating the filtrate, washing the crystals with ether- 
alcohol, and drying* at 100% contains 42*3 p. o. C., 6*73 IT., and 50*98 0., 
corresponding to the formula of . cane-sugar (Kawalier, Wim. AlcaS. 
Ber. 11, 864 and 353). The former siigai- should perhaps be classed with inverSB 
sugar, the latter with cane-sugar. (Kr.) 

In healthy cereaU, and even in hafle^-nialt, sugar does not exist 
ready formed, but is rather produced, in the crushed grain, by the 
action of diastase and water (Mitscherlich, N. J. Pharm. % 213 ; 
Peligot, N. Ann. Ckini. Phys. 29,5; Stein, Folyt. Centr. 1860, 181), 

The sugar thus produc^ is perhaps maltose. (Kr.). 
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Preparation. Prom the juice of the Sugar-cane^ of Sorghum saccharatum, 
and of Mangold-murzel. The juice of the sugar-cane is obtained by 
pressure, that of mangold- wurzel by reducing the roots to a fine pulp, 
and either pressing this pulp after adding a quantity of water equal to 
20 per cent, of the weight of the root, or lixiviating it with cold water, 
or finally by subjecting it in perforated cylinders to the rotatory action 
of the centrifugal macliine. — The juice of man gold- wurzel is heated to 
68^ by hot steam, every 1000 quarts are mixed with a quantity of milk 
of lime prepared from 12 lbs. of lime, and the mixture is further heated 
to the boiling point, whereby phosphate of lime, albumin, albuminate of 
lime and other matters are seioarated in the form of a dense white 
crust. The heating is interriqrted as soon as the boiling juice begins 
to break through the crust, the clear liquid below is run off, and the 
muddy residue is submitted to pressure. The calcareous thin sgrup 
(Diinnsqft) thus obtained is treated with carbonic acid (from 0*G to 0*8 
p. c. lime however remains dissolved as sugar-lime) ; separated by sub- 
sidence and decantation from precipitated carbonate of limo ; filtered 
through bone-black, which removes a small quantity of sugar-lime, 
and evaporated to 20 — 22° Bm., either in open pans or in Robert’s 
vacuum apparatus. The thick sgrup (Plcksaft), again filtered through 
bone-black, and evaporated in vacuo at about 22"' barometric pressure 
till it becomes thick enough to draw out into threads, yields, after 
cooling and standing, crystals of cane-sugar, and the mother-liquor, 
w’hen further evaporated, yields a second and third crop, till nothing 
remains but uncrystallisable molasses. The last very dark-colonred 
crop of crystals is moistened with water, and freed from adhering 
molasses by means of the centrifugal machine. The mixture of all the 
successive crops of crystals thus obtained constitutes the sugar of 
commerce. 

Purification. Peflning of cane-sugar. An aqueous solution of cane- 
sugar of 12° Bra. is mixed with a small quantity of milk of lime, and 
heated to the boiling point, and the juice is decanted from the impurities 
which separate in the form of a crust, then filtered through bone- 
charcoal, and evaporated in vacuo. The strongly concentrated juice 
is made to crystallise by moderating the heat and running in small 
quantities of untMckened juice, whereupon a magma of sugar-crystals 
immediately forms. To give them the requisite hardness, heat is‘<agahi 
applied, the crystalline magma is left to drain in the sngar-Ioaf immkls, 
and the formation of small uniform crystals is promoted hv stirring 
and hroaking up the crust which foms qn the surfaco. When tlio 
crystallisation is complete, the apex of the mopld, which has previously 
been closed, is opened to allow the syrup to drain off, and that whicli 
remains adhering to the crystals is displaced by pouring in pure sngar- 
syrup. By due desiccation, the loaf-^gar or refined sugar of coniimerco 
is obtained. When purified sugar-syrup is left to evaporate slowly and 
quietly in shallow vessels, in which threads are suspended, the sugar 
is obtained in larger crystals, called sugar candg. 

Formerly, ox blood, milk, or white of egg was used for clarifying syrups. Oa tlie 
use of larger quantities of lime in the preparation of sugar, see Kuhimann {Am. PImrm. 
27, 17 ; Bingi. 116, 61); Rousseau {Inst. 1850, 330; Dingl. 115, 457: 116*, 297 2 
H8, 221; 125, 378); MaumenS {N. J. PAarm. 30, 354; IV. Am. CKim. Pkyl 
48, 23 ; DmgL X43, 285). — On the use of bisulphite of lime k the refining of sugar 
previously recommended by Proust, Dubninfaut & Stolle, see «&>^. Kopp. Jakresber 
1849, 700; Dumas & Alelsens {Dingl. 114,3?5j 115, 212)j Melsens {N.Am. OMm. 
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Phps. 27, 273 j Ann, Pharm. 72, 101; Report on its applicability, Diny?. 119, 448.) 
On the -use of sulphiirons acid, see Calvert {Dhigl. 149, 130); of acetate of lead and 
sulphurous add, Scoffern {Divigl, 110> 261; 118, 217; Chem. Gaz. 1850, 3GS; 
Pharm, J. Trans. 10, 108, and 184; also Lieb. Ko^Jp. Jahresber. 1850, 680). — On 
the freeing of syrup from lime by soap, see Basset 147, 129), also Stahlschmidt 

{Dingl. 149, 211); by hydrate of alumina, see Howard {Bingl. 19, 384), Mbne {DingL 
146, 3091, Cessner & Kletzinsky (Dingl. 140, 376); by phosphate of alumina, Daubeny 
(J. pr. Chem. 75, 255); by phosphate of ammonia, Kuhlmann (Dingl. 116, 61); by 
acid phosphate of lime, carbonate of ammonia, stearic acid or oleic acid, Stammer 
(Dingl. 154, 210) ; by stearic acid and silicic acid, Wagner (Dingl. 153, 377), On the 
use of chloride of calcium, see Michaelis (J.pr, Chem. 56, 435). 

From Molasses. According to Lepray & Duhrunfaut. A solution of CUUStic 
baiyta of 30° Bm. is poured into the molasses, whereupon the whole 
solidifies to a crystalline pulp. This is washed, treated with carbonic 
acid, and freed from carbonate of baryta by filtering and decantation. 
A syrnp of 18° — 22° Bin. is thus obtained, wliicb is freed from the 
last traces of baryta by means of gypsum or sulphate of alumina, then 
clarified and boiled down as above. (Nickles, FingL 131, 47.) 

On the small scale. The best process, according to Marggraf, is to 
dry and pulverise the sacchariferous portion of the plant, boil it with 
2 pts. of strong alcohol, filter, and leave it to cool. The filtrate set 
aside for some time yields crystals of sugar. 

From Fruits liheivise containing Inverse Sugar. The expressed fruit-juice 
is filtered (after addition of an equal quantity of alcoliol if necessary 
in order to prevent alterations), then saturated with slaked lime and 
again filtered. The filtrate heated to the boiling point and again filtered 
at that temperature, leaves on the filter insoluble sugar-lime, whicli 
after thorougb washing with water, is decomposed by carbonic acid. 
The sugar- solution is evaporated to a syrup, decolorised with aninnd 
charcoal, mixed with alcohol till it becomes turbid, and left to crystal- 
lise over quicklime. The insoluble sugar-lime produced at the boiling heat can- 
not include more than f of the total quantity of sugar present ; hence the treatment 
with lime must be repeated. — If the decomposition of the sugar-lime with carbonic 
acid yields very turbid liquids, they must be precipitated with basic acetate of lead and 
the filtrate treated with sulphuretted hydrogen. (Buignet.) 

Estimation of Cane-sugar. Saccharmetrg. If the solution contains 
nothing but cane-sugar, the specific gravity is observed, aud the per- 
centage of sugar determined therefrom (vid. inf.). If other substances 
which affect the density are likewise present, the quantity of canc-siigar 
maybe determined ; — 1. From the weight of carbonic acid, formed in 
the vinous fermentation of tlie sugar, or from the quantity of alcohol 
thereby produced. According to older statements, 100 pts. cane-sugar 
yield, after deduction of 5‘2G pts. water, 51*44 pts. carbonic acid, and 
53‘80 absolute alcohol) according to Pasteur’s diiect determination, 
49*12 pts, carbonic acid and 51*01 absolute alcohol, the remaining 
portion of the sugar being consumed in the formation of glycerin and 
succinic acid. See below ; also Buignet^'s description of the process (N. Ann. Chim, 
Phys. 61, 239) — 2. Prom the weight of cuprous oxide which the sugar 
can reduce from potassio- cupric tartrate, or from the volume of a 
standard solution of that salt decomposed by the sugar. For this 
re-action, the cane-sugar must be previously heated with acids to con- 
vert it into inverse sugar, which reduces the same quantity of cupric 
oxide as grape-sugar (see Qrape-mgar). — S. From the Eotatonj Potver of 
the solution. If the solution contains only cane-sugar, or at least, no 
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other optically active substance, the amount of sugar may be calcu-, 

lated from tlie rotatory power in the manner presently to be described 
(p. 246). Turbid or gummy solutions are mixed with their volume 
of isinglass-solution, then, after agitation, 'with vol. alcohol, where- 
upon the mixture, without being heated, coagulates, and yields a filtrate 
adapted for observation. Coloured solutions are decolorised by animal 
charcoal ; but as this substance (according to some statements)^ takes 
up sugar, the first fourth of the liquid that runs through is rejected, 
and only the remainder used for the observation. — If in addition to 
cane-sugar, the solution contains grape-sugar (inverse sugar, or any 
other optically active substance, whose rotatory power is not altered 
by heating with acids), the amount of cane-sugar may be determined 
by observing the rotatory power of the solution both before and after 
inversion (p. 244), the temperature being lilcewise observed in the 
latter case. The first observation having been made, 100 c. c. of the 
solution are mixed with 10 c. c. fuming hydrochloric acid, the mixture 
heated to 68°, and kept at that temperature for a quarter of an hour. 
Since the rotatory power of the solution cooled to the original tem- 
perature (supposing the observation to have been made in a tube 
longer by one-tenth than the former), remains unaltered in so far as it 
was due to the grape-sugar, whereas the cane-sugar has been replaced 
by inverse sugar, the amount of cane-sugar may be calculated from 
the rotatory power peculiar to this inverse sugar, as follows The 
rotatory power (a) observed before inversion was made up of the 
molecular rotatory power (c) of the cane-sugar (C), and tliat of the 
grape-sugar (y (r ) ; therefore 

« r= c (7 -h ^ 6^. 

The rotatory power (a) observed after inversion is, in like manner, 
made up of the unaltered rotatory power of the grape-sugar 
and that of the inverse sugar (£ C ) ; therefore 

d ^ iC -j-y G, 

Consequently the difference, a — d, of the rotations observed 
before and after inversion is equal to c C — i (7. 


or, dually, — 


u — a = (7 (c-~2). 



Suppose for example a sugar-solution before inversion turns the plane 
of polarisation 25*96° to the right, and after inversion, 5*80° to the 
right at a temperature of 14° ; then a= 25*96 and d = 5*80. Now 
the molecular rotatory power of cane-sugar (c) is 73*8°, that of grape- 
sugar 56°, that of inverse sugar (or more exactly, the rotatory power 
of that quantity of inverse sugar which would be produced from the 
unit of weight of cane-sugar adopted in determining the molecular 
rotatoiy power of cane-sugar) is-27° at the temperature of 14° : con- 
fiequeatlj 


_ 25-96 -5-80 20-16 

73*8 -f- 27 or 0 — 


0 * 20 , 


which quantity therefore gives the number of parts by weight of cane- 
sugar contained in a unit of weight of the solution employed, or when 
multipiieu by 100, the percentage of cane-sugar in the solution. 
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Suppose another sugar-solution, before inversion to turn the plane 
of polarisation 9*36° to the nght, and after inversion 10*80° to the 
left ( = — 10*80° to the right). In this case, a = 9*36 ; d = 
““10*80); a — d^ 9*3G + 10*80 = 20*16, 'which number divided by 100*8 
again gives 0*2, or 20 p. c. of cane-sugar in the solution. If, in both 
cases, the nature of the second optically active substance present in 
addition to the cane-sugar is known, its quantity may bo determined 
from the observations just described ; if, on the other hand, its quantity 
is previously known, its natime may be determined; thus it might be 
inferred that grape-sugar was present in the first case, besides the cane- 
sugar, in the original solution, and inverse sugar in the second. This 
mode of proceeding, however, is admissible, only when the deflection after 
inversion has been observed at a temperature for which the molecular 
rotatoi*y power of the inverse sugar (which varies with the temperature, 
has been previously determined. According to Biot [Compt. rend. 15, 523, 
619, and 694; 17, 755) and Clerget. See Clerget’s method (iV A7m. Chim. Phys. 
26, 175 ; Ann. Pharm. 72, 145 ; abstr. Commit, rend. 23, 259 ; Lieb. Kopp. Jakresber. 
1849, 126). This method presupposes the use of SoleiPs saccharimeter, and Clerget 
denotes by lOO the deflection produced by 1 mm. quartz, or 200 mm. of a normal 
sugar-solution containing 16*471 grm. cane-sugar in 100 cubic centimetres. 

Properties. Large, transparent, colourless crystals, belonging to 
the monocliiiic system. Fig. 83 without t. Combination of a rhombic 
prism u with the acute lateral edges of the oblique basic end-face 
truncated by m. More complex crystals likewise exhibit a back 
oblique end-face / {Fig. 84) as well as the front oblique end-face / (not 
shown in the figure) between i and m ; also the prism a parallel to 
the clinodiagonal, for the most part developed on the left side only. 
The crystal-electricity (i, 319) takes the direction of these faces 
(according to Hanke), inasmuch as when the temperature is lowered, 
the antilogous (negative) pole appears on that side of the crystal on 
which the two a faces are developed. — llammelsberg obtained the prisma, 
perfectly developed from a solution containing chloride of sodium. He 
further observed the octahedi’al faces o (which truncate the edg*es i : u 
and lie in the same zone with m) corresponding to the similarly 
situated o '-faces behind. These -two faces have hitherto been found 
only on the left side. The crystals are generally tabular, from the 
extension of m in the direction of right and loft i—w : w = 101° 32^ 
(Wolff), 101° 30' (Hainmelsberg) ; m:f = 103° 30' (W.), 103° 17' (IL); 
m:/' = 134° 23' (R.) ; i:/=:140°40' (R.); w:/=115° 33' (R.) ; 
2 :/=: 141° 0' (W.), 141° 43' (R.). Cleavage distinct parallel to m. 
Twin crystals have the faces m common to both, the oblique summits i 
lie reversed, and the left sides of the crystals arc turned towards each 
other. The piano of the optic axes is perpendicular to m and i (Miller, 
Pogg, 56, 630) ; one optic axis makes, with the perpendicular To an 

angle of about 1° 26' towards the lower side ; the other lies about 50° 
above it. (Wolf, J. pr. Ghem. 28, 129; Rammelsberg, Handbuch^ Berlin, 
1855, 397 ; comp, also von Kobell, Repead. 34, 279 ; Hankel, Pogg. 49, 
495; Kopp, Einleitung^ Bi'aunschweig, 1849, 312; Berthelot, W. 

CMm. Phys. 55, 287.) 

Molecular rotatory power* [est]/ = 73*84 to the right (Dubrunfaut, 

* We most here add to what lias been already said (vii, 64) about circular polarisa- 
tion, the explanation of the expressions used in the text, — molecular rotatory power, 
specific rotatory power ^ or of the symbol [a] used to stand for these expr^sions. By 
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Oompt. rend. 42, 901); 71*26, or = 54*636 (Biot, Comp)t. rmd. 15, 
625 and 706). According to Bubrunfant, Biot's canc-sngar was ^ not 
perfectly pure. Comp, also Williclmy (Pogg. 81, _ 527 , LiS. Popp. 
Juliresher. 1850, 176). The rotatory power yarics but little with 
changes of temperature. (Yentzhe.) 

Sp. gr. 1*6065 (Bahi*enheit), 1*63 (Dubrunfaut.), 1*593 at 3*9° 
(Joule & Playfaii', Cheni. Soc. Qti. J. 1, 121); sp. gr. of the crystals. 
1*58, of the powder, 1*61 (Kopp) ; of sugar-candy, 1*58933 at 13°, of 
melted barley-sugar, 1*5092 (Biot, Ann. Phcirm. 52, 195). Harder than 
any other kind of sugar escept milk-sugar; emits light when struck 
in the dark. 


molecular rotatory powei' is understood the number of degrees through which a stra- 
tum of the pure substance, 100 millimetres thich, would x-otate the plane of polarisation, 
supposing its sp. gr. were =1. This [a] being known, the rotation a of the plane of 
polarisation, caused by a stratum, 100 mm. thick, of a solution containing e grammes of 
substance in 1 gramme solution is expi*essed by «=e[a], supposing that the sp. gr. of 
the solution is 1. If, however, the sp. gr, = d, we have a — f. [a] d. If the thickness 
of the stratum is X times 100 mm., a finally becomes = £[a]dA. — If the rotation a has 
been found by experiment, the quantity of substance e in 1 gramme solution, and hence 

the percentage contained in the solution, is given by the equation t ■= --4^. — If, on 
the other hand, it is desired to determine the molecular rotatory power [a] , we have 
the equation [a] = 


Examples. 1. The specific gravity of a solution of grape-sugar ([a] — 57*6) is 
found to be 1-048, and its rotatory power, in a tube 2 decimetres long, 13*7 degrees. 

13’7 

Hence 1 gramme of the soluti[<m contains e = ^ , as 0*11347 grms. grape- 


sugar, or the solution contains 11*347 p. c. 

2. By dissolving 11*347 grms. grape-sugar in 88*653 grms, water, a solution is 
obtained whose sp. gr. is 1*048^, and whose rotatory power, in a tube 2 decimetres long, 
is 13*7 degrees. Hence the molecular rotatory power of grape-sugar is given by the 
equation — 

[a] ^ = 67*6. 

^ ^ 0*11347 + 2 + 1*048 


If (as is usually the case) the solution is prepared by weighing out a certain quantity of 
substance and making up the solutioix to a known measure, either the specific gravity 
must be determined, and hence the percentage amount contained in the solution calcu- 
lated ; or else (according to Berthelot) the molecular rotatory power is calculated from 
the observed rotation (a), the weight in grammes {p) of the dissolved substance, the 
volume of the solution in cubic centimetres (F) in which p is contained, and the length 
{1) of the tube expressed in decimetres, by aid of the formula (deduced from that given 
above), — 


[a] = a 


V 

h' 


Example. 11*892 grms. grape-sugar is dissolved in water, the solution made up to 
100 cubic centimetres, and the rotation is found to he 13*7 degrees in a tube of 2 deci- 
metres. Hence the molecular rotatory power is — 


[a] = 13*7 


100 

2 + 11*892 


- 13*7 + 4*205 = 57*6. 


The statements in the text relative to the value of [a] apply either to the red ray, 
and are then denoted by [a]r, or to the yellow ray (equivalent to the transition-tint 
between blue and violet), and are then denoted by [a] or [a];. Almost all the modern 
determinations refer to the transition-tint j those which refer to the red ray become 
comp^ble with the others, according, to Biot, after nmltiplication hy . (Er.) 
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In vacuo j or at 100* 


Berzelius, 

Liebig. 

Erdmanu & Marchand. 

24 C 144 .... 

42-11 . 

.. 41*48 .. 

.. 42*30 

42-15 

22 H 22 .... 

6-43 , 

7*05 .. 

.. 6*45 


22 0 17G .... 

51*46 

... 51*47 .. 

.. 51*25 

51-38 

C21H22022 342 .... 

100*00 , 

.. 100*00 .. 

.. 100-00 



Many other chemists have also analysed cane-sugarj for example Front, Gay- 
Lussac & Th5nard, Dobereiner, W. Crum, Berthollet, Herrmann, Brunner {Pogg, 34, 
333), O. Henry & Plissoii (/. Pharm. 16, 597), Erdmann & Marchaud (X jyr. Chem. 
23, 174), Peligot {Ann. CMm. Phys. 67, 113). 

Sugar-candy and refined sugar prepared from mangold-wurzel, cane-, and maple- 
sugar have been examined with like results. 

Liebig {Pogg. 31, 341 ; Ann* Pharm. 9, 21) first gave the correct formula, deducing 
it from the products of decomposition. This formula was adopted by Ber 2 elius 
{Jahresber. 15, 291). Earlier formulm : (Berzelius), (Ddbereiner), 

(Dumas & Boullay), (Front.) 

Decompositions. 1. Cane-sugar melts at 160° or 161° (at 180°: 
Peligot), without losing weight, to a clear, pale yellow liquid, from 
which only part of the sugar can be regained in the crystallised form. 
(Berzelius, Pogg. 47, 321). If the melted mass is kept at the same 
temperatime for a long time, it is decomposed, without loss of weight, 
into lovulosan and dextro- glucose ; C^^IP^O^’^ = -h 

(Gelis.) 

Melted sugar has the appearance of fruit-sugar, but reduces only 
half as much potassio-tartrato of copper as an equal weight of glucose* 
Only one-half of it is fermentable, the glucose being destroyed by 
fel’mentation and the levulosan remaining in solution. It deflects 
the plane of polarisation [pC\j = 35° to BS*" to the left, about as much 
as a mixture of equal atoms of levulosan and glucose would deflect it. 
(G-elis, Gompt. rend. 48, 1062.) 

Sugar, molted in a chloride-of-zinc bath at 160°, has a smaller 
molecular rotatory power than cane-sugar, does not crystallise again, 
deliquesces in the air, is easily soluble in absolute alcohol, and ferments 
with yeast. (Mitscheiiich, Pogg. 55, 222 ; Berz. JaJmsher. 22, 482.) 
Melted sugar has not the same spcciflc heat as cane-sugar (Hermann, 
J. pr. Chem, 12, 295), nor amorphous sugar the same melting point as 
crystallised sugar. (Wohler, Am. Pharm. 51, 755.) — When cane- 
sugat is melted with a little water, as for the preparation of barley- 
SUghr or of bonbons, at a temperature which docs not exceed 165°, it 
solidifies on cooling to a vitreous mass, consisting mainly of cane-sugar 
containing enclosed water. In the course of time, tliis water dissolves 
particles of the cane-sugar, which afterwards crystallise out (because 
an amorphous body is more easily soluble in water than a crystallised 
body), until, by continued alternate solution and crystallisation, the 
whole mass has become crystalline. (Mitschoriich.) If melted sugar in 
the vitreous state is allowed to cool to 38°, and then quickly and often 
drawn out, doubled together and drawn out again until it forms a 
mass of threads, its temperature rises in two minutes from 40° to 80°, 
and it becomes a crystalline mass. Barley-sugar and bonbons are 
transformed into a similar mass by long keeping. (Gt-raham.) — Cane- 
sugar melted with a very small quantity of water acidulated with 
acetic acid, so that it solidifies to a vitreous mass of sp. gr. 1*509, 
rotates the plane of polarisation more feebly than unaltered cane- 
sugar, and somewhat more feebly in the solid state than when again 
dissolved. (Biot, Am, Pham, 52, 195^), 



2i8 


CARBO-HYDRATES 


Oane-sngar, heated above 180°, becomes brown and loses weight, 
and, if then exposed to the air, absorbs more water than it had 
lost, deliquesces, and behaves with alkalis like ghicose. (Pcligot.) 
Brownmg* first takes place when the sugar is continuously heated to 
160°; no loss of weig'ht occurs, because the water which is sot free 
converts the still remaining levulosan into lievo-gliicosc. (Gclis.) 

Cane-sugar, heated for a long time to between 210° and 220°, froths 
np) becomes continually darker and darker brown, evolves a^ large 
quantity of water containing traces of acetic acid and volatile oil 
(fiirfurol : Volckei), and, when the frothing has ceased, is converted 
into caramel, with which xmaltered sugar and a hitter substance 
(assamar) are sometimes mixed. At a higher temperature, or when 
the heat is too long continued, further loss of water occurs and a sub- 
stance insoluble in water is produced. (Pcligot.) At 250° the residue 
of the sugar is still for the most part soluble in water, and only a 
small quantity of the insoluble substance (Vdlckcl’s cararnelane) is 
formed ; this body is produced more abundantly between 250° and 
300°, products of further decomposition being formed at the same time, 
(Yolckel.) As low as 190°, three products are successively produced 
from cane-sugar ; the first of them, cararnelane^ constitutes the chief 
part of the residue when the loss of weight amounts to 10 p. c. ; when 
the loss is 14 or 15 p. c., caramelene is obtained ; when it amounts to 
20 p. c., scarcely anything but caramelin, (G-elis.) Eeichenbaclfis 
assamar is also produced by the roasting of cane-sugar (by heating to 
225° : Pohl). See also Mulder (J.pr, Chem. 16, 245). 

On treating with alcohol the residue obtained by heating cane-sugar 
or glucose in an oil-bath to 210° or 220°, unaltered sugar and bitter 
tasting substances, are dissolved, and Peligot’s caramel remains behind 
as a tasteless, black, shining mass, containing when dried at 180°, on 
an average, 46*65 p. c. carb., 6*18 hydr., and 47*17 oxyg., correspond- 
ing to the formula which requires 47*06 p. c. carb., 5*88 hydr., 

and 47*06 oxyg. It is soluble in water, preci23itable by baryta-water 
and ammoniacal sugar of lead, not fermentable, and insoluble in 
alcohol, (Peligot.) See also Polil. ( Wien. Alcad. Ber. 41, G23 J. pr. Chem. 82, 148.) 

If the caramel is extracted by water from the residue obtained by 
heating cane-sugar to 250°, cararnelane remains as a black substance 
insoluble in alcohol, partially soluble in potash-ley, containing 55*09 p. c. 
carb., 5*14 hydr., and 39*77 oxyg., answering to the formula 
which requires 55*17 p. c. carb., 4*98 hydr., 39*85 oxyg. (Yolckel, 
Ann. Pharm. 85, 94.) According to Gelis, both those substances are 
mixtures : vid. infr, 

Eeichenbach's Assawr(Comp. Vdlckefis Assamar, p. 50). The bitter 
substance produced by roasting sugar. — It is formed by the roasting 
of gum, starch, giutin, gelatin, albumin, and flosli, and in the roasting, 
balaug, or frying of eatables containing these substances. — Roicheu- 
bach heats either of these substances, — unsalted wheat-bread answers 
best, — on a hot hearth- plate, until it hecomes brown; breaks it up 
while still warm; allows the powder to cool out of contact with air; 
and^ exhausts it with absolute alcohol. He separates the alcohol by 
distillation; lieats the residue moistened with waicr to 100° ; allows it 
to cool very slowly ; removes the fat which has separated out; neutra- 
lises with milk of hme; heats to boiling, and adds, by small portions at 
a time, 20 or 30 measures absolute alcohol, or so much that the precipitate 



CANE-SUGAll. 


249 


wliich is at first produced does not re-dissolve, even on boiling. After 
removing the alcohol from the cooled clear solution by distillation, the 
residue is repeatedly dissolved in hot alcohol as often as anytliing is 
deposited from the solution on cooling ; ether is added to the clear 
solution in small quantities, as long as the precipitate produced has 
a sweet taste ; and the assamar, which remains dissolved through all 
these operations, is obtained by evaporating’ the ether and alcohol, and 
finally iying in small quantities. — Solid, transparent, amber-yellow, 
amorphous gum, brittle and having a conchoidal fracture. Neutral. — 
It is decomposed when heated alone or with water, loses its bitterness, 
and is transformed into the substance which is separated by alcohol 
in the preparation of assamar. — Assamar is decomposed by chlorine^ 
when heated, losing its colour ; by hot nitric acid^ without formation of 
mucic or of oxalic acid ; by oil of oitriol with blackening, not by dilute 
sulphuric acid. Not altered by Q>o\di potmh-leij ; when boiled therewith 
it loses its bitterness, which acids do not restore. It reduces nitrate 
of silver, throws down a blue-black precipitate from cldoiide of gold, and 
cuprous oxide from acetate, not from sulphate of copper. Not ferment- 
able. — Assamar is hygroscopic, deliquescent, soluble in water in all 
proportions, and not precipitable by acids, alkalis, alkaliiie’-earths, borax, 
tincture of galls, or isinglass. It dissolves slowly and sparingly in cold, 
abundantly in boiling absolute alcohol, and is partially precipitated by 
, ether. (Eeichenbach, Ann. Pharm. 49, 1.) Y old {Wien. Ahad.Ber. 41, 
623), having found that a purely bitter alcoholic extract of cane-sugar 
heated to 228°, acquired a sweet taste when dissolved in water and so 
preserved for some years, supposes assamar to be capable of regene- 
rating glucose. 

2. Cane-sugar subjected to dry distillation, froths up strongly at 
about 250° or 300°, after having been previously transformed into 
caramel, and yields at first a slightly sour, yellow-distillate; then a 
darker coloured, turbid distillate ; and, at last, one which is viscid and 
strongly acid. When it is slowly heated, gases first make their 
appearance towards the end of the distillation, amounting to 12 or 
18 p. c. of the sugar, while a vesicular, carbonaceous residue amounting 
to 32 or 34 p. C. remains. — Com}), also Cruikshank {Seller. J. 1, 637); Vauque- 
PAam.3,49). — The which escapes at first is nearly pure 
carbonic acid; afterwards carbonic oxide and marsh-gas arc mixed 
with it. (Volckel, Ann. Pharm. 86, 63). — The aqueous distillate 
(Volckehs sugar-vinegar) becomes clear on standing from the separation 
of a viscid oil. This yields, by fractional distillation, a very volatile, 
yellowish liquid, which contains aldehyde {Ann. Pharm. 87, 303), 
acetone, and acetic acid, and is followed if the distillation is continued, 
by a mixture of acid water and yellow oil, while a red-brown liquid 
(Volckel’s sugar-tar) remains. — The yellow oil, distilled with water 
after addition of potash-ley, dried, and then rectified alone, yields, 
between 100“ and 150°, a distillate which has a density of 1*005 at 15° 
and amounts to whole quantity; this product is neutral, 

precipitates silver from ammoniacal nitrate of silver, and turns brown 
and is destroyed by contact with potash-ley. The remainder, which 
distils between 160“ and 180°, contains chiefly furfurol (x, 371) (of 
various kinds, according to Yolckel), together with a small quantity of 
an oil which is unalterable by potash,’ and traces of oil of bitter 
almonds, recognisable by the smelL --r Turf nrol can still be extracted 
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by ether from the sugar-vinegar freed from oil far as possible by 
distillation ; the sugar- vinegar leaves a residue of tar, produced by 
the decomposition of assamar-acetic acid, every time it is distilled, 
while a certain quantity of this substance and common acetic acid 
pass over. The sugar-iar contains products of decomposition, partly 
of the volatile oils, partly of assamar. If three-quarters of the 
crude sugar-vinegar are distilled off, the decomposition-products of 
the volatile oils removed by filtration, and the filtrate distilled, a large 
quantity of acid sugar- vinegar passes over below 120"^, while a red- 
brown sugar-tar remains, which becomes wscid on cooling, has a 
strong, bitter, and sour taste, and amounts to 6 p. c. of the sugar- 
vinegar. Addition of water throws down a red-brown product of 
decomposition of assamar, whereof more is obtained by concentrating 
the filtrate and precipitating with water, while a bitter substance, 
Vdlckers assamar, remains dissolved in the supernatant red-brown 
liquid. 

V dlckel’s Assama?'. The red-brown liquid obtained from sugar-tar 
is exactly neutralised with carbonate of soda, and evaporated on the 
water-bath to a syrup, whence assamar and other substances arc 
extracted by boiling with absolute alcohol; and the cooled extract is pre- 
cipitated by several volumes of ether, whereby acetate of soda and red- 
hrown substances are precipitated. The ether- alcoholic solution, when 
distilled in the water-bath, leaves assamar behind as a broWn syrdp, 
which is purified by solution in ether, evaporation of the filtrate, solu- 
tion in water, removal by filtration of the insoluble portion, alid 
evaporation in vacuo. It is thus obtained as a yellowish-red trans- 
parent, wscid, neutral syrup, which does not solidify in vacuo, and 
contains on the average 54*70 p. c. carb., 5*40 hydr., and 39*90 oxyg. 
(Hence Yolckel calculates the fomula hut one of the follow- 
ing' formulm appears more probable, -f HO or the 

first of which requires the same percentage composition as Yolckebs 
formula, and the second 54*54 p. c. carb., 5*05 hydr., and 40*41 oxyg. 
fKr.]) According to Yolckel, the substance is the same as Reicl-ion- 
bach’s assamar before the latter has been altered and rendered solid by 
Eeichenbach’s method of preparation. — Assamar becomes more fiui d when 
heated. It does not solidify even at 120® or 140®, so that its fluidity 
cannot be due to adhering water. Above 200® it is decomposed, wit h 
formation, of a solid substance.— By boiling with, hgdmthlork 
acid, it is changed into a brown substance which is insoluble in 
water, and contains on an average G5*18 p. c. carb., 4*55 hydr., and 
•30*77 oxyg., corresponding therefore in composition to Mulder’s 
ulmin from sugar and perhaps having the forrntxla ; traces of 

formic acid are produced at the same time as this substance. By treat- 
ment with potash-ley it is further split up into a soluble and an inso- 
luble portion, each of which contains oxygen and hydrogen in the 
same proportion as water.— Assamar yields the same products by 
boiling with potasJi-leij as with acids. The red-brown alkaline solution, 
precipitated by hydrochloric acid after several hours’ boiling, yields 
brown flocks, which, if covered with potash-ley, after being washed, 
partly dissolve and partly swell up to insoluble potash-compounds : 
freed from potash by hydrochloric acid, they contain Cl*36 p. c. carb., 
4*60 hydr., and 34‘04 oxyg., corresponding to the formula 
(oaletdaiion 61*53 p. c. carb., 4*27 iiydh, and 34*20 oxyg.) ‘-Assamar 
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colours aqueous hichromate of potash brown when boiled, and reduces 
ammoniacal of silver with the aid of beat. — It is hygroscopic, 

dissolves easily in water^ and is precipitated from tbe solution by 
animal cliarcoal. It dissolves hydrate of lime^ precipitates arnmoniacal 
sugar of lead, and is easily soluble in alcohol and ether, (Voickel, Ann, 
Pharm. 85, 74). 

3. When oxygen or air, especially ozonised air, is passed over dry 
or aqueous cane-sugar, carbonic acid and water are formed at the 
common temperature, the rest of the sugar remaining unchanged. 
A piece of cane-sugar (weighing 1 drachm) left in contact with 
oxygen confined by mercury for three months, produced 5 cc. car- 
bonic acid in 95 cc. oxygen. (Karsten, Berl. Ahad, Ber, Jan. 1860 ; 
abstr. J. pr. Ghem. 79, 226.)— Aqueous solution of cane-sugar is not 
altered by ozone. (Gprup-Besanez, Ann. Pharm. 110, 103). If cane- 
sugar mixed with a little hydrate of lime is covered wdth a stratum of 
ozonised oil of turpentine and left for seven months, oxalic acid is 
formed, while the rest of the sugar remains unchanged. (Berthelot, 
N, Ann. Chim. Phys. 58, 426). 

When oxygen is passed over a mixture of cane-sugar and spongy 
platinum, formation of carbonic acid and \vater commences at 140° — 
150°, and at 250° the sugar is completely decomposed. (Rciset &; 
Millon, N. Chim. Phys. 8, 285; J. p>r. Ghem. 29, 365). — Cane-sugar 
mixed with spongy platiiuim is not affected by oxygen at the common 
temperature, but becomes heated on addition of potash, and is oxidised 
to carbonic acid and water. (Doberciner, J. pr. Ghem. 29, 452). 

4. Cane-sugar swells up in the open fire, produces an aromatic, 
choking smell of caramel, and burns with a white flame. — In the 
combustion of large quantities of sugar, a powerful smell is produced 
allied, to acrolein, wliich attacks the eyes and causes them to inflame. 
(Redtenbacher, Ami. Pharm. 47, 148). 

5. Cane-sugar takes fire when triturated with 8 pts. peroxide of 
lead. (Bcittger). Its aqueous solution yields formic and carbonic acids 
by boiling with peroxide of lead, hut not so easily as glucose. (Stii- 
I'enberg, Pharm. 29, 291.) — By distillation withperawfe of man- 
ganese and sulphuric acid, it yields formic acid and a strong- smelling 
yellow oil, heavier than water, which may be obtained pure by neu- 
tralising the distillate with a base, distilling off the volatile part, and 
rectif}dng over chloride of calcium ; it is then found to he soluble in 
water. (Dobereiner, Schw. 63, 368). Comp, also Graelin {Po^g. 55). 
Peroxide of manganese does not act upon sugar without the addition 
-of sulphuric acid. (Stiirenberg.) — Formic acid is obtained by distil- 
ling it with bichromate of potash and moderately dilute sulphuric acid. 
(W. k> R. Rogers ; Pliinefeld, J. pr. Chm. 7, 44.) When solution of 
cane-sugar is mixed with hot concentrated aqueous bichromate of 
potash and the mixture heated to boiling, a violent re-action sets in, 
wMcb continues, even after removal of the lamp, until the solution has 
become green. If ^ or a larger quantity of starch-syrup is mixed 
with it, no re-action or change of colour occurs. (Reich, /, pr. Ghem. 
43, 72). 

Dilute solution of cane-sugar precipitates f^eroxide of manganese 
fi'om aqueous permanganate of potash, without ©volution of gas, and 
forms oxalate of potash;^ is' '!(^hYetted by excess of perman- 
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ganate into carbonate of potash (Liebig & Peloiizc, Ann. Fharm. 
19, 279 ; Gregory & Demar9ay). If the solution contains only 0*6 — 
1 p. c. sugar it remains unchanged (Monier, CompL I'end. 4-6, 577). 

If 3 pts. dry chloride of lime are added to a mixture of 2 pts. cano- 
siigar and 1 pt. hydrate of lime, and then enough water to form a stiff 
mud, the mass becomes heated after some time, swells up, evolves 
chlorine, and on addition of more water, forms a bulky jelly, which, in 
addition to substances not yet determined, contains lime-compounds of 
hypochlorous, carbonic, chloracetic and pectic (? Kr.) acids. — When 
twice as much chloride of lime is used, the re-action is less violent and 
malic acid is produced. (Schoonbrodt, Bull. JSoc. Chm.Fcms, 1861, 77.) 

Schoonbrodt gives the following equations : a, for the formation of pectic (or parapectic) 
acid,— + 3(Ca0,C10) = C"^Hiso2i,2HO + 3CaCl + 5HO;— for the 
formation of malic acid, - + 3(CaO,C10) = 3(C-»H30hH0) + 2HO + 

3CaCi. 

6. Cane-sugar distilled with sidpJiw' OYolveB sulphuretted hydrogen, 
combustible gases, and allows a mctacetone-like li{j[uid to distil. 
(Illasiwetz, Wien. Ahad. Ber. 5, 184.) Similar products are obtained 
with sulphide of potassium or of calcium. 

7. Iodine is decolorised by ebullition with solution of cane-sugar and 
transformed into hydriodic acid. (Lassaigne, J. Chim. mid. 9, 654.) 
— When equal numbers of atoms of bicarbonate of potash and of 
iodine are added one after another to aqueous cane-sugar, iodoform is 
produced on warming. (Millon, Gompt. rend. 21, 828 ; J. pr. Chern, 
37, 53.) — Cane-sugar is decomposed exactly into carbonic acid and 
water when heated with aqueous iodic acid to 100° for 24 hours. The 
presence of prussic acid, but not that of yellow or red prussiate of 
potash, prevents this decomposition. (Millon, Gompt, rend. 19, 271 ; 
N. Ann. Chim. Phys. 13, 87.) 

7 a, Bromine acts on cane-sugar in the same way as chlorine 
(Kouchas, J. Fharm. 17, 116) ; it exerts no particular action. (Balard, 
Ann. Phys, 32, 346.) Cane-sngar heated with bromine and water to 100° 
in a sealed tube, till all the bromine has disappeared, yields hydx'obromic 
add, a brown liquid and humus-like products. (Barth & Hlasiwetz.) 

8. Dry chlorine gas does not act on cane-sugar, even at 100°; but in 
damp chlorine, sugar acquires a smell of hydrochloric ether without 
altering its form. (Liebig.) Powdered sugar absorbs chlorine slowly, 
and is changed, with simultaneous formation of carbonic acid, into a 
brown, strong-smelling mass, which deliquesces in the air with 
formation of hydi'ochloric acid. (Priestley, Bouillon, Vogel.) — The 
brown mass into which chlorine slowly converts sugar in the cold, 
more quickly at 100°, is partially soluble in water. (Maumcne, Compt. 
rend. 30, 314.) — By the action of chlorine on an aqueous solution of 
sugar for eight hours, J-oth part, at most, is decomposed, with forma- 
tion of carbonic acid (Liebig, Fogg. 15, 570). Aqueous chlorine con- 
verts sugar into malic and hydrochloric acids (Ohenevix), into the same 
acid as that which is likewise produced from gum (p. 199) (Simouin, 
Ann. Chim. Phys. 50, 322). — Solution of cane-sngar saturated with 
chlorine, and heated with potash after 24 hours, is coloured yellow and 
rqd. (Rouchas, J. Fharm. 17, 116.) — With hypochlorous acid^ 
forms I^ydrochloric acid, a small quantity of carbonic acid, and an acid 
liquid. (Balardt) — Cane-sugar, mixed with its own weight of cMoiiAk 
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of Ume^ becomes heated and explodes after a few minutes with vivid 
deflagration. If 1 oz. chloride of lime is mixed with 8 oz. water, and 
1 oz. sugar .is added to the filtrate, the liquid becomes hot, and, after a 
few minutes, carbonic acid is evolved, the bleaching power disappears, 
and the acid liquid deposits a little oxalate of lime. (Hunoult- 
Besfontenelles, J. Chim. mecL 18, 23.) No chloroform is thus produced. 
(Chautard, N. J, Pharin. 27, 180.) — Chloride of lime converts sugar in 
an alkaline solution into pectic and lactic acids. (Schoonbrodt, Compt. 
rend. 52, 1071.) Concentrated solution of cane-sugar becomes heated 
when mixed with 1 pt. chloride of lime and 3 pts. water, and yields 
formic acid if the chloride of lime was neutral ; carbonic acid and 
water, if it contained excess of hydrate of lime. (Bastick, iV. J. Pharm. 
14, 20.) See page 252. 

9. Cane-sugar does not absorb gaseous fluoride of horon until it is 
heated, and it then becomes black. (Berthelot, N. Ann. Chim. Phys. 
38, 58.) 

10. The solution of cane-sugar in tvcder partially loses it dextro- 
rotatory power at the common temperature by standing ; at last, it 
loses it entirely, and acquires a rotatory power towards the left, the 
cane-sugar being converted into inverse sugar. (Maumene.) Accord- 
ing to liochstetter, this change does not occur if air is excluded, but 
more quickly in proportion as the air has freer access ; according to 
Becliamp, it is only a consequence of the formation of mould, and is 
therefore prevented by the presence of creosote. Aqueous solution of 
sugar may be kept for weeks without alteration if protected from the 
air, but if exposed to the air, it contains, after 3 days’ ti’aces of inverse 
sugar which afterwards increase. When the air has easy excess, as 
when the sugar-solution flows over broken glass, scarcely anything 
but non-crystallisable sugar remains after so short a time as 36 hours 
(Hochstetter, J. pr. Chem. 29. 21). An aqueous solution of sugar- 
candy containing 16*35 grms. sugar in 100 cc. possesses, after stand- 
ing for 10 months at the common temperature, only 22 p. c. of its 
original rotatory power ; after a year, it has a Imvo-rotatory power 
equal to 38 p. c. of its original dextro-rotatory power. A similar solution 
prepared with loaf-sugar is somewhat more stable, because it contains 
a small quantity of lime. (Maumene, Compt. rend. 39, 914). 

Cane-sugar is converted by very long hoiling ivith water into 
dextro- and Isevo-glucose. (Pelouze &Malaguti, 1836, Chm.Phjs, 
59, 416). According to Malaguti, laevo-glucoso (fruit-sugar) is thus 
produced at first, and afterwards changed into dextro-glucose ; accord- 
ing to Bouchardat, dextro-glucose is never formed, but, after 60 hours’ 
boiling, a non-crystallisable syrup, which can then, especially at 110'’, 
pass into a peculiar bitter-sweet gum-sugar. According to Bnbrunfaut’s 
experiments (Vitl infr., p. 254. — Decompositions hy acids.), the formation of 
dextro- and Isevo-glucose unquestionably occurs simultaueously, as is 
also admitted by Alaumene and Bechamp. — This transformation of 
cane-sugar takes place at 90° — 100° (Thenard), if air is excluded, without 
the formation of acid or of colouring matter (Soubeiran), but the passage 
of air through the boiling solution of sugar causes rapid decomposition. 
(Hochstetter.) Solution of sugar of 25° B. boiled for 1 or 2 hours, the 
evaporated water being replaced, contained traces of transformed 
sugar, perhaps arising from previous formation of formic acid. The 
transformation once begun proceeds rapidly, ah acid being formed 
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which does not redden litmus, though it neutralises alkalis. (TIoch- 

stetter, J.]pr. Chem. 29, 21.) — Solution of sugar-candy lost from to 
4p. c. of its rotatory power when heated for S hours in the water-bath. 
(Maumene, Comj)t. rend. 39, 914). If solution of sugar is boiled, the 
water ■which evaporates being replaced, its dextro-rotatory power 
becomes ■weaker and weaker, and is at last quite lost. At this point, 
and until the siibseq'uent Igevo-rotatory power has not arrived at its 
maximum, the liquid still contains unaltered cane-sugar, for addition of 
acids still increases the Isevo-rotation. When the transformation is 
complete, for wd'iich 114 hours’ boiling is necessary, longer boiling 
causes the formation of formic and acetic acids and (even in a stream 
of carbonic acid) a dark coloration ; at last the liquid becomes opaque, 
and tLe hevo-i'otation diminishes again, from the partial destruction of 
the Imvo-ghicose, so that it has finally a feeble dextro-rotatory power. 
The isevo-rotatory hquid deposits crystals of dextro-gliicose when 
allowed to stand, while a syrup of stronger h-evo-rotatory power 
remains. (Soubeiran, W. J. Fharm. 1, 1 ; and 96, 16 and 262.) 

11. When left to itself, or when warmed wdth dilute acids, solution 
of cane-sugar loses its dextro-rotatory power and acquires a Iibvo- 
rotatory power, which, when the transformation is complete, 

amounts to 38° to the left at 14° for every 100° of the original rota- 
tion to the right (Biot). This alteration depends on the assimilation 
by the cane-sugar of 5 p. c. water, whereby it splits up into laevo- 
and dextro-glucose: -f 2HO == (Dubrun- 

faut). (Water taken np: calculated, 5*26 p. c.). 

There is produced in the transformation of cane-sugar by dilute 
acids, grape-sugar (Kirchhoff, Scher. JV. BL 1, 142), granular sugar (Gui- 
bourt, Aim. Chini. Phys. 16, 376 ; Boullay, J. Pharm. 16, 172), gum-sugar 
(Bouillon-Lagrange). A sugar differing from dextro-glucose is pro- 
duced which rotates the plane of polarisation to the left (Biot), and 
afterwards, in consequence of a molecular change, deposits dextro- 
glucose (Biot, Soubeiran). Cane-sugar heated with acids forms 
first laevo-glucose, then, if the heat is continued, dextro-glucose 
(Bouohardat) ; bxit since boiling wdtli acids does not alter the rotatory 
power of inverse sugar until coloration takes place, the crystals of 
dextro-glucose which are deposited after some months, may be pro- 
duced, not by the action of the acid, but by the molecular transforma- 
tion which takes place in the course of time (Soubeiran). Subse^picutly, 
also, Soubeiran regarded inverse sugar as a particular variety, but 
capable of being decomposed into dextro- and Imvo- glucose. 

All acids effect the complete conversion of cane-sugar, but strong 
acids more quickly than the same quantity of weaker acids, and tlie 
same acid acts more rapidly the higher the tcmpcratxirc. Tlio change 
is complete with yV^ir measure hydrochloric acid at the temperature 
of the air in a few hours, the rotatory power then possessed by tlie 
liquid remaining constant for two days, or until coloration sets in. With 
sulphuric acid the transformation takes place slowly at the common 
temperature, but at 60° or 70° instantaneously and without coloration 
of the liquid. A solution of cane-sugar containing 66 p. c. racemic 
acid, is only partially changed after sixteen days, completely after a 
year ; ^ measure glacial acetic acid does not occasion the transforma- 
tion within two months, but completely within a year (Biot, Compt 
ISf Phurm^ 4, 351). Small quantities of organic 
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acids do not sensibly increase tlie decomposing action of water at 
common temperatures (p. 253). A 30 p. c. solution of cane-sugar 
mixed with of its weight of tartaric acid was not completely con- 
verted into inverse sugar after 5 years. (Maumene, Compt, rend. 89, 
917). The cane-sugar of lemon-juice (containing 6^ p. c. acid) is only 
very slightly changed after 12 days, not more so than. when the free 
acid is neutralised. The acid juice of the apricot may likewise be 
concentrated on the water-bath to half its hulk without the inversion 
of much of its cane-sugar (Buignet). If solutions of cane-sugar are 
heated with solutions of equivalent quantities of different acids, sul- 
phuric acid causes its inversion more quickly than tartaric acid, and 
tartaric acid more quickly than citric or than acetic acid. A larger 
quantity of the same acid is required if the sugar-solution is dilute 
than if it is concentrated (Buignet). See also Persoz {Compt. rend. 
17, 106G), Biot, N. J. Pliarm. 4, 351), Bouchardat (/. Pharm. 21, 627; 
/. Chem. 7, 73; Ann. Pharm. 17, 276), Doberciner {Ann. Pharm. 

2, 388); Mitscherlich (A". Ami, Ghim. Phijs. 7, 28), Pluquet Pharm. 

3, 880). 

When the transformation of cane-sugar by dilute acids has taken 
place, further boiling causes coloration of the liquid, formation of ulmin 
and ulmic acid, and, if air has access, also of fonnic acid, while the 
remainder of the sugar is contained in the solution in a more easily 
fermentable condition (Malaguti). According to Mulder, glucic acid 
is first formed, from this apoglucic acid, by contact with air, and ulmin 
and ulmic acid, mixed, if air has access, with humin and humic acid, 
arc obtained. The acid which is added remains thereby unaltered and 
can be regained in the quantity that was used (Malaguti). 

The decomposition takes place with all acids, but various quantities 
are required to bring it about in the same length of time. The solu- 
tion of 100 pts. sugar in 300 pts. water begins to deposit a precipitate 
after 35 hours’ boiling, if mixed with 0*372 pt. anhydrous sulphuric 
acid; after 14 hours with 2*4 pts; after 9 hours with 6 pts; after 
2 hours with 14*7 i3ts- Nitric and hydrochloric acids act in the 
same way ; for every 1 pt. of these acids, 10 pts. oxalic, racemic, tar- 
taric, citric, or saccharic acid — and 16 pts. phosphoric, arsenic, phos- 
phorous, or arsenious acid, — are required. (Malaguti, Ann. Chim. Ph^s. 
59, 407 ; J. Pharm. 21, 443; Ann Pharm. 17, 52 ; J.pr. Chem. 7, 185.) 

On heating 50 pts. water, 1 to 5 pts. oil of vitriol, and 10 to 29 pts. 
cane-sugar for a few minutes in a water-bath, a deposit of ulmic acid 
is formed (Bouchardat). Transformed cane-sugar, heated with pt. 
oil of vitriol, yields, after a few minutes’ boiling, a brown liquid, which 
leaves bitter-sweet molasses by evaporation, cannot be decolorised by 
animal charcoal, and is uncrystaUisable (Bonchardat). Solntion of 
cane-sugar does not lose the rotatory power peculiar to inverse sugar 
until boiled for 15 or 20 hours with dilute sulphuric acid, and then 
deposits much less ulmin in the first few days than later. If it be boiled 
with a small qxxantity of acid until a deposit forms, and this be filtered 
off, a large quantity of ulmic acid separates in the cold after a lohg 
time, but no ulmin ; the latter body must therefore be formed from 
the ulmic acid by boiling. By 84 houi’s’ boiling of 40 grms. sugar- 
candy with 120 grms. water and 2 grms. anhydrous sulphuric acid, 
13 grms. ulmin and nlmio acid, and, in contact with air, 4*47 grms. 
formic acid can be obtained, while all the rest of the sugar remains 
in solution iu a more easily fermentable condition (Malaguti). If 
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solution of cane-sugar is heated with dilute sulphuric acid, but not to 
boiling, nlrain and ulmic acids are obtained, mixed, if the solution is 
boiled, with huinin and humic acid. These humous substances are formed 
more quickly if air has free access ; concentration of the acid promotes 
their formation less than long boiling ; but on an average, not more 
than I of the sugar can be converted into them, the rest remaining in 
solution as glucic acid (xiii. 237), and if air has access, also as apoglucic 
acid (xih. 365). If the action of the acid is not complete, uncrystal- 
lisable sugar remains beliind, and is converted by dilute, not by concen- 
trated acid, into humin. The humons substances are not produced at 
the boiling point in vacuo : if very concentrated acid is used, a, black 
substance is obtained having the composition of hnmin, but differing 
from it. By the use of more dilute acid, nothing but glucic acid is 
obtained. At the higher temperature at which the mixture boils in 
air free from oxygen, formic and ulmic acids are produced, but neither 
humin nor humic acid (Mulder, J.pr. O/iem. 21, 207). 

If cane-sugar is heated, not to boiling, with liydrochloric acid, the 
red-brown liquid deposits a few brown flocks. If it is heated to boil- 
ing after these have been filtered off, a more abundant black pre- 
cipitate is obtained, which is slightly soluble in boiling water, more so 
in water containing hydrochloric acid, partially soluble in aqiicous 
potash and ammonia. The brown flocks contain 62*54 p. c. G. and 
4*75 H. ; the black precipitate at 140°, on an average, 64*12 p. c. C. 
and 4*71 H., corresponding to the formula (calculation 64*0 

p. c. 0., 4*0 H.). The latter body is also obtained by boiling sugar 
with concentrated hydrochloric acid (Stein, Ann. Pharm. 30, 84). 

12. By neutral salts. Aqueous solutions of cane-sugar mixed with 
sulphate of zinc, nitrate of lead, mono-phosphate or arseniate of potasli, 
or with a large quantity of corrosive sublimate, lose their dextro-rotatory 
power partially or entirely by standing at the temperature of the air, 
and occasionally acquire a rotation towards the left, without the 
formation of mould taldng place. Corrosive sublimate causes this 
transformation even in presence of creosote. On the other hand a solu- 
tion of cane-sugar containing ^ of its weight of fused chloride of zinc 
(or of chloride of calcium) hardly decreases in rotatory power by stand- 
ing for 9 months, or when heated for an hour to 50°. The presence of 
a small quantity of corrosive sublimate, nitrate of zinc, neutral or acid 
sulphate of potash, prevents the formation of mould in solutions of 
cane-sugar, and consequently also the decomposition. Most other 
salts, and likewise nitric and arsenic acids, do not prevent the formation 
of mould, and in many cases the decomposition of solution of cane- 
sugar goes on more rapidly in their presence than without them. If 
solutions of cane-sugar are mixed with neutral and acid sulphate of 
soda and one drop of creosote, no formation of mould or decomposition 
takes place by standing, but creosote has not power to arrest tlie 
formation of mould when it has once begun. In the case of some 
salts, a summer temperature seems to be required for the decomposition j 
nitrogenous mould and organic acids result from the decomposition 
itself, but the latter are not formed in such quantity that the 
diminished rotatory power of the solution can he explained by the 
diminution of the quantity of sugar. (Bechamp, Ami. Chim, Pkys. 
54, 28.) 

Sugar-solutions which contain alkaline carbonates, sulphates, or 
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chlorides, behave like pure solutions of sugar, ^Yhon long kept or 
boiled, but the crystallisation of the sng'ar is impeded. A solution 
contaiiiiug 2 pts. chloride of sodium or chloride or calcium to 100 pts. 
cane-sugar cannot be made to crystallise except when the salts have 
been removed by animal charcoal. Alkaline nitrates and sulphates 
partly ciystallise out from the solution of sugar when they are present 
in large quantities, but part forms a slimy mass with the sugar 
(Hochstctter, J. pr. Chem. 20, 26). 

Dry cane-sugar is not altered by being heated in a sealed tube to 
100° for several hours with chloride of sodium^ chloride of strontmm, or 
chloride of barium ; but addition of a sniq,ll quantity of water occasions 
the formation of inverse sugar more abundantly than it would be 
formed in presence of water alone. The same transformation takes 
place quickly, the mass being blackened, with sal-ammoniac and a small 
quantity of water, but not with chloride of potassium, chloride of 
sodium, or flour-spar. (Berthelot, N, Ann Chim. Fhys, 38, 57.) 

13. Cane-sugar distilled with phosphoric acid (likewise with 
sulphuric acid or protochloride of tin) yields formic acid and a volatile 
oil (furfurol?) (Emmet J. pr. Chem. 12, 120). — Anhydrous phosphoric 
acid does not attack cane-sugar until heat is applied ; it then blackens 
it, with evolution of formic acid and formation of humus-like bodies. 
(Handtke, Pharm. Zeitschr. 1850, 37 ; Lieb. Kopp. Jaliresher. 1850, 
534.) 

14. Cane-sugar covered with cold oil of vitriol becomes brown 
without evolving sulphurous acid ; the mixture is completely soluble 
in water without separation of carbon, and, after neutralisation of 
the sulphuric acid with chalk, filtration, and evaporation to dryness, 
yields a dark brown residue containing sulphur. (Braconnot, Ann. 
Chm. Phys. 12, 189.) Oil of vitriol produces with cane-sugar the same 
black acid as tliat formed from racemic acid by allcalis and also saccharo- 
sulphuric acid, or a similar compound. (Peligot.) If the process is 
arrested at the right moment, humous substance is also formed. (Boul- 
lay.) The filtrate obtained by mixing cane-sugar with oil of vitriol, 
dilution, and neutralisation with baryta, contains acetate and formiate 
of baryta. (Herzog, N. JBr. Arch. 50, 290.) If a porcelain plate is 
moistened with a solution of sugar in 30 pts. water, and heated by 
steam to 100° ; very dilute sulphmdc acid dropped upon it causes a 
black mark, or, if the acid is very dilute indeed, a green mark. 
(Rung'C, Pogg. 31, 517.) Runge employs this re-action for the detection of free 
sulphuric acid and of sugar. 

When cane-sugar is heated with oil of vitriol, sulphurous acid is 
produced. 10 grms. cane-sugar warmed with 40 grms. oil of vitriol 
froths up, blackens and yields 1 litre of gas, containing carbonic acid 
and carbonic oxide in eqnal volumes, and a solid residue. (Pflho], 
Pf, J. Pharm. 8, 100 ; J.pr. Chem. 36, 60.) 

15. Concentrated hydrochloric etdd acts violently on cane-sugar 
and chars it. (Boullay, J. Pharm. 16, 172.) Powdered sugar slowly 
absorbs hydrochloric acid gas, and is converted into a brown strongly 
smelling compound from which oil of vitriol evolves hydrochloric acid 
gas. (Bouillon- Lagrange.) 

16. Cane-sugar mixed with chlotatc of potash explodes when struck 

, TOI^. XT. ® 
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•with a hammer, aad deflagrates when a drop of oil of vitriol is let fall 
upon it. (Bouillon- LagTaiige & Yogel.) — A mixture of 1 pt. cane- 
sugar, 1 pt. prussiate of potash, and 2 pts. (ddorato of potash 
(Aug'endre, Pharm, Cmtr. 1850, 215), or hotter of 28 pts. canc-sng’ar, 
28 pts. prussiate of potash, and 40 pts. chlorate of potash, constitutes 
white gunpo-wder, which explodes by a spark, and may be used instead 
of common g’unpowder for fii’c arms and blasting. (Fohl, Alcad* 
Per, 41, 634 ; Ghem, Cenir. 1861, 280.) 

17. Fuming niirie acid converts cane-sugar into nitro-saccharoso. 
(Sobrero, Cornpt rend. 24, 247.) From its solution in fuming nitric acid 
it is precipitated as a niti'O- compound by oil of vitriol, but not by 
water. (Domonte & Menard, Com.pt. rend. 24, 390.) Hence also Braconnot 
obtained no xylo’idin. — Immersed hi nitTO'Sidpliuric acid^ it is coiivori.ed 
into nitro-saccharoso, whicli soon separates as a tough mass, wliile 
the acid solution, which is not precipi table by water, retains a bitten* 
taste. (Schonbeiii, Pogg. 70, 104.) On adding* to nitric acid (pre- 
pared from 3 vol. oil of vitriol and 2 vol. nitric acid of sp. gr. 1*5, 
I of its weiglit or more of powdered sugar, without cooling, and 
leaving the mixture to itself, it took fire. (Eeiuseb, Pdirb, pr. Phann. 
18, 102.) 

Cane-sugar heated with nitric acid of sp. gr. 1*3, or with still more 
dilute acid, is decomposed, with evolution of nitrogen, nitric oxide, 
nitrons acid, prussic acid, carbonic and acetic acids, and formation of 
saccharic and oxalic acids. According to Erdmann’s experiments, tar- 
taric acid is also formed, and according to Siewert, also cassonic acid 
(see p. 259). — ^ When 8 pts. nitric acid are poured upon 1 pt. cane-sugar 
at 3f the liquid around the sugar becomes red iu a few minutes, at 
15° it becomes pale yellow, and at 44° the sugar deliquesces to a 
yellow layer under the clear colourless acid. At 56° the liquid 
becomes yellow and evolves nitrous acid ; it darkens as the heat is 
increased, until, at 87*5°, it is opaque, and then, witli evolution of 
nitrous acid, again becomes colourless. The tem[)Graturc of a mix- 
ture heated to this point rises spontaneously to 112*5°. (Schlesiagor, 
Pepert. 74, 24.) 

By the action of 3 pts. nitric acid of sp. gr. 1*25 to 1*3, at a 
temperature not exceeding 50°, scarcely a trace of oxalic athl, ])ut a 
large quantity of saccharic acid is produced* Oatic-sugar lioairul ’witli 

pts. nitric acid, until gas begins to be given off, then cooled to 60 ’’ 
and kept at this temperature, yields nearly 11 p. c. of its wxhght of 
neutral saccharate of potash. (Hemtz, Am. Pharm. 51, 

Akad. Per. 1858, 413 ; Ppr. Chem. 74, 474.) Formerly Pharm. 21, 1.) 
Erdmann stated that he had obtained tartaric add, hnt afterwards (.r. Chem. 15, 480) 
withdrew the statement. Since, however, Liebig {Ann. Pharm. 113, 1), has obtained 
tartaric acid from mannite, and Heintz {BerL Akad. Tier. 1860, 283) has obtained it 
from saccharic acid, the statement appears nevertheless to he correct. See also milk- 

sugar p, 220, and saccharic acid, XX. 516. — Oxalic ackl is formed ospecuilly 
when sugar is heated for a long time with excess of nitric acid. If 
cane-sugar is boiled with increasing qnantities of nitric acid of sp. gr. 
1*38 and each portion is evaporated to the same bulk, a colourlcBS 
syrup, which becomes coloured on heating, is obtained with 2 pts nitric 
acid ; the same mixed with crystals of oxalic acid is obtained with 
4 pts. acid; with 10 or 12 pts. acid, nothing but crystals of oxalic acid, 
amounting to 58 or 60 p. c. of the sugar, and without any sticky 
ipother-lpy, are obtained. (Schlesinger, Uepert 74, 27.) ‘-r- 3)140 Jalk 
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motlier4ey, whicli remains after separating the oxalic and saccharic 
acids formed by treating cane-sngar with commercial nitric acid, con- 
tains cassonic acid, which may be precipitated by sugar of lead. This 
compound, when separated from its lead-salt, forms an uncry stall isable, 
reddish syrup, whose aqueous solution produces a metallic mirror with 
ammoniacal nitrate of silver, is precipitated by excess of baryta-water, 
and when mixed with ammonia and chloride of barium throws down 
white flocks of cassonate of baryta, containing (Siewert 

Zeitschr. /. d ges. Waiurw. 14, 337 ; abstr, Kopp's Jaliresher. 1859, 548.) 

18. In contact with moist or aqueous arsenic acid, cane-sugar deli- 
quesces in a few hours, even in the dark and when air is excluded, to a 
syrup which is red at first, but after 14 days becomes red-brown, and at 
last black-brown and evolves a smell of acetic acid. Part of the arsenic 
acid is thus converted into arsonious acid and part of the sugar into 
glucose. (Eisner, Schw. 50, 348. — Gl, 230.) The reduction of the 
arsenic acid is not essential ; on the one hand, humus seems to be pro- 
duced by the elimination of water, and, on the other hand, glucose by 
its fixation. (Schweigger-Seidel, Schw, 61, 356.) The red colour is 
due to the formation of humus. (Malaguti.) A dry mixture of sugar 
and arsenic acid deliquesces in dry air over hydrate of lime to a red 
mass, wliich becomes black after a few days. (Rouchas, J. Phann. 
17, 116.) The red solution gives a rust-coloured precipitate with 
lime-water. (Baumann, iV. J3r, Arch. 37, 47.) A solution containing 
■J'Q pt. cane-sugar heated in steam for a few seconds with a 1 p. c. 
solntion of arsenic acid, becomes red at the margin, and on evapora- 
tion leaves a bright red spot. (Eisner, Pogg. 47, 481.) Arsenic acid 
added to solution of cane-sugar does not prevent the formation of 
mould and the consequent decomposition of the sugar on standing' ; 
arsenic acid and creosote together only prevent the decomposition 
from beginning, they do not arrest it -^yhen once begun. (Bechamp.) 
See also p. 256. 

19. Cane-sugar heated for some time with aqueous osmic acid 
evolves carbonic acid, and forms oxalic acid and a peculiar acid 
whose ammonia-salt is soluble in alcohol. (Buttlerow, P. Chem, 
56, 274.) — Cane-sugar reduces vanadic acid to vanadic oxide. (Ber- 
zelius.) 

20. A mixture of cane-sugar and oxalic acid moistened witli water, 
deliquesces in the water-bath, to a colourless syrup, which afterwards 
becomes brown and lastly black-browm, and yields to water fruit-sugar 
and glucose, while a black residue remains, containing Cl'87p. c. cark, 
4'48 hydr., and 33*65 oxyg., answering to the formula C®OTW° (cal- 
culation : 61*54 p. c. carb., 4*27 hydr.) and resembling Mulder’s humin 
[more closely, Maumenes caramclin (p. 262) (Knop, Chem. Centr. 1856, 
847)]. A little carbonic acid escapes at the same time, and formic 
acid, produced by the decomposition of oxalic acid, not of the sugar^ 
passes over with the aqueous vapour (together with oxalic . add), 
(Van Kerckhoff, *7. pr. Chem. 69, 48) See also Dobereiaer {Ann. Pharm. 
2, 338). 

21 . Cane-sug'ar heated to 100^ or 120® with acetic, hntgrk, hnzok, 
or stemic acid, yields, with elimination of water, products resembling 
those obtainecHrom glucose under the same cucumstanceB. Tartarw 

3 2 
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acid heated with 1 at. cane-sugar gives Bertlielot’s ackle ghcoso-ditar- 
trique. (Berthelot, N.Ann. Ghim. PJiys. 54, 78. — 60, 93 ; Chim. organ, 
2, 257, 271 and 295.) A mixture of cane-sugar and siiccimc acid in 
atomic proportions melts to a dark brown syrup at 120° “ 130°, and 
yields a compound of succinic acid with glucose, water being set free, 
(van Bemmelen, Kopp's Jaliresber, 1858, 436.) We ought perhaps, with 
Berthelot (CAzw 2 . 2, 295), to regard these compounds as mixtures containing 

succinic acid combined, partly with Isevo-glucose sugar, and partly with dextro -glucose. 
[Kr.] 

22. Wben ammonia gas is passed over cane-sugar which is heated 
above 150°, but not so strongly as to decompose it, water and 
carbonate of ammonia escape, while liquid and insoluble substances 
remain in the residue, containing 10 p. c. of nitrogen not removable 
by aqueous alkalis. These bodies are not formed at 130°. (P. Tlie- 
nard.) Cane-sugar behaves like starcli (p. 87) when heated with 
aqueous ammonia. (Schiitzenberger, Zeitschr. Ch, Pharm. 4, 65.) 
See also Schoonbrodt (CompL rend. 52, 1071) who states that he obtained from sugar, 
by the action of ammonia with the aid of phosphoric acid, a product containing 
C24N3H1809. 

By beating equal parts of cane-sugar syrup and aqueous ammonia in 
sealed tubes to 180° for 38 or 40 hours, a soluble and an insoluble black 
substance are obtained. The latter can be further decomposed, so that 
altogether four black or brown bodies are formed. Among them is a 
product soluble in alcohol, insoluble in water, containing 65*66 p. c. 
carb., 6*05 hydr. 19*36 nitr., and 8*93 oxyg., according to Thenard, 
Another product, which is insoluble in water and in 
alcohol, but soluble in acids, contains 54*26 p. c. carb., 8*34 hydr., 
18*78 nitr., and 21*62 oxyg. ; Thenard assigns to it the formula 
(P. Thenard. Bull Soc, Chim. Paris, 1861, 18 and 33 ; 
abstr. Compt rend. 52, 444 ; Pep. Chim. pure, 3, 207.) 

23. Cane-sugar heated with potassium or sodmn is decomposed 
with faint evolution of light, into charcoal and alkali. (Gay-Lussac & 
Thenard.) 

A mixture of cane-sugar "svith 4 or 5 pts. potash-hydrate and a small 
quantity of water, becomes at first brown when heated, but is after- 
wards decolorised, evolves hydrogen, and then contains a large 
quantity of oxalate of potash. (Gay-Lussac, Ann. Chim. Phys. 41, 398 ; 
Pogg.ll, 171; Bchw. 58, 87.) 100 pts. caiic-sugar yield 32*1 pts. 
oxalate of lead. (Buchner & Hcrbcrger, Pepert 38, 189.) — If cane- 
sugar is added to hot concentrated ■potash-ley (such as would solidify 
on cooling) to the extent of ^ the weight of the potash-hydrate, the 
mass becomes brown, evolves hydrogen, gives off an aromatic smell of 
caramel, becomes thick after a few minutes, froths up until the brown 
colour has disappeared, and solidifies. The mass yields, on distillation 
with dilute sulphuric acid, carbonic acid, formic, acetic, and metacetic 
acids, and deposits binoxalate of potash. The sugar is in tins case 
decomposed into carbonic acid, acetone and metacetone, the last of 
which yields propionic acid, while the acetone yields formic and 
acetic acids. Both are at last partially converted into oxalic acid, 
(GottKeb, Ann. Pharm. 52, 122.) 

Cane-sugar does not become sensibly brown when boiled with 
potash-ley. (Boullay, J. Pharm. 16, 172. ~ Chevalier, Jr Chim. med. 
18, 471.) Solution of sugar heated with potash-ley to 88° and then 
neutralised with acid does not regain the whole of its rotatory po’W'eir, 
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Tvhich is still further dimimshed when it is boiled or evaporated down. 
(MichaeliSj e/. pi\ 423.) — When cane-sugar is boiled for a 

long time with a small quantity of potash, out of contact with air, the 
potash becomes saturated with ulmic acid ; if air has access, formic 
acid is also produced. (Malaguti, Ami, Chim. Phys. 59, 420.) — Car- 
bonate of potash docs not diminish the rotatory power of sugar when 
heated to 88°, but when boiled it does so to a less extent than caustic 
potash. (Michaelis.) By boiling solution of cane-sugar for 72 hours 
with J-Q pt. crystallised carbonate of soda, an acid black liquid is 
formed possessing, Isevo-rotatory power. (Soubeiran.) 

When a mixture of cane-sugar and inverse sugar is boiled for a 
few moments with caustic potash, the mass becomes colom'ed brown 
and black. After saturation with carbonic acid, basic acetate of lead 
precipitates from it nearly all the colouring matter, but no crystals 
can be obtained from the slightly-coloured solution which contains the 
whole of the cane-sugar, no doubt because the products of decom- 
position of the inverse-sugar prevent the crystallisation (Buignet). 

24. Solutions of cane-sugar mixed with hydrate of lime exhibit 
greater stability when boiled or long kept than pure aqueous sugar- 
solutions (Bouchardat, Soubeiran, and others. Comp. p. 2hz)> Hence 
the following observations are perhaps to be explained by the impurity 
of the sugar employed. When the compound of lime with cane-sugar 
is dissolved in a small quantity of water and exposed to the air, the 
lime separates out as carbonate, and the liquid changes to a white, 
tasteless paste, soluble in boiling water. This solution does not 
colour iodine, gives a slight turbidity with oxalic acid, and is pre- 
cipitated by acetate of lead, bichloride of tin, and alcohol. It leaves 
on evaporation a solid brown mass which retains its solubility in 
water (Baniell, Ann. Chim. Phys. 10, 221). Braconnot found in aqueous 
sucrate of lime which had been kept for four years, a deposit of oxalate 
and raalate of lime, and in the solution acetate of lime and cane-sugar, 
but no gum {Ann. Chim. Phys. 68, 337). — If a solution of cane-sugar 
supersaturated with lime is allowed to stand for a year in an air-tight 
bottle, the excess of lime contains neither oxalic nor malic acid. After 
removing the dissolved lime, evaporating and redissolving in alcohol, 
cane-sugar crystallises out, while melassic acid, saccharic acid, and 
uncrystallisablc sugar remain in the mother-liquor (Brendecke, if. i?r. 
Arch. 29, 75 ; see also Berthelot p. 251). 

When an intimate mixture of 1 pt. cane-sugar and 8 pts. quich-lime 
is heated, a violent ro-action takes place, as the sugar gives up water 
to the Hme, continuing even after the mixture is removed from the fire ; 
no gas is evolved, but a brown, oily mixture of acetone and metacc- 
tone passes over. (Fremy, Ann. Chim. Phys. 59, 5.) The same pro- 
ducts are obtained in greater abundance with 3 pts. hme to 1 pt, sugar. 
(Gottlieb, Ann. Pharm. 59, 5.) — When cane-sugar is distilled wifh 
soda-lime., small quantities of ethylene, propylene, and amylene are 
obtained. (Berthelot, Inst 1857, 269 ; Kopp's JaJiresh&r. 1857, 426.) 

When considerable quantities of cane-sugar are heated with 3 to 
8 pts. quick-lime, combustible gases are evolved, and a liquid distillate 
passes ovei*, containing acetone, oils of the formulas 

W, and a small quantity of resin, and substances soluble 

in potash-ley. (B. Schwarz.) 
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When the liquid distillate is rectified with water, the resin remains behind, while a 
pals yellow oil floats on the water which passes over. On agitating this resin with milk 
of lime, and distilling the filtrate with dilute sulphuric acid, acetic and propionic acids 
pass over. 

The pale yellow oil gives up acetone to water ; the insoluble portion is partly dis- 
solved, with dark red-brown colour, by potash -ley, the oil which floats on the surfoce 
acquiring at the same time an agreeable odour. The potash-solution, distilled with 
sulphuric acid, deposits resin and gives off traces of fatty acids, together with a neutral 
oil having an odour of peppermint, containing 6T07 p. c. carbon, 12'10 hydrogen, and 
26*83 oxygen, and agreeing, according to Schwarz, with the formula CT-FO^. 

The portion of the pale-yellow oil which has been treated with water and potash- 
ley, if again subjected to fractional distillation, passes over between 70° and 250°, but 
not completely. The portion volatilised at 70° contains 70*30 p. c. C., 9*52 H., and 
20*18 0., according to Schwarz = that which volatilises at 95° contains 

73*72 C., 10*25 H., and 16*03 0., according to Schwarz = (perhaps dumasin 

ix. 25 ? Kr.) : that which volatilises at 100° contains 77*61 p. c, C., 11*29 IL, and 
10*10 0., according to Schwarz = C-^H-^O^ (pliorone xiii, 342? K.r.), and that which 
volatilises at 150° contains 74*40° p. c. C., 10*15 H., and 15*45 O., according to 
Schwarz = — The mixture of these compounds, treated with oxidising 

agents, yields fatty acids and a neutral oil containing 76*60 p. c. C., 10*48 H., and 
12*92 O. The same mixture, boiled for some time with potash-ley, becomes dark- coloured 
and yields resin and a mobile oil containing 72*01 to 73*46 p. c. C., and 10*61 to 10*08 H. 
The latter is further decomposed by hot nitric acid, yielding oxalic acid and a new. 
volatile oil (78*68 p. c. C., 10*59 H., and 10*63 0. = Schwarz). It is also 

decomposed by oil of vitriol or anhydrous phosphoric acid, producing a hydro-carbon 
(89*81 p. c. C. and 10*18 H. — Schwarz), whose boiling point lies at about 180°, 

differing, therefore, from that of cumene and that of mesitylene (R. Schwarz, Wie7i, 
AAad. JBer. 5, 159 ; J. pr. Chem. 51, 374). 

25. Cane-sugar solution lieated with basic niti'ate of bismuth^ docs 
not alter it, or merely gives it a faint yellowish colour. (Bdttger, 
Jahrh, Fharm. 22, 23.) — 26. Boiled with acetate of zinc^ it gives 
of^ a trace of carbonic acid. (Peschier, J. Pharm, 3, 508.) — 27. A 
clear mixture of cane-sugar and aqueous protocliloride of tw, kept in a 
sealed tube, deposits a white precipitate, without further alteration. 
In contact with the ah, it turns brown after some hours, and gives off 
an odour of caramel. (Bechamp, JSf, Ann. Chm. Flips. 54, 38.) 

28. When an aqueous solution of 1 pt. cano-sug*ar and 15 to 30 pts. 

5-bydrated bichloride of tin is evaporated to dryness, and the residue 
heated to 120° — 130°, it blackens and is converted into Maumone/s 
caramelin This black-brown carameliii, insoluble in water, 

dilute acids, and alkalis is (different from Gelis’s caramclin, and) formed 
from sugar by abstraction of 7 at. water : =r C^TPO* + 7IID. 

(Maumen^, Compt. rend. 30, 314, 447; 39, 422.) W^ith a smaller 
quantity of chloride of tin {protocUoride of merwy or terchloride of 
mitimonf)^ a brown substance partially soluble in water is produced, 
perhaps a mixture of caramelin and unaltered sugar. — This re-action 
is applied by Maumene to the detection and estimation of sugar ; but 
all carbohydrates behave in the same way. 

29. When the compound of cane-sugar with oxide of lead is heated for 
three lioius to 168°, the residue decomposed under water by hydi*o- 
siilphuric or carbonic acid, yields a colourless solution, from which by 
evaporation a transparent non-solidifying syrup is obtained. (Berze- 
lius, Jahresher. 19,442.) See below. When neutral acetate of lead is 
boiled for some time with solution of cane-sugar, a brown pxeci|)itate 
is obtained. (Peschier, J. Pharm. 3, 508.) 

30. Bes^tdchloride of iron is reduced to protochloride by heating 



CANE-SUGAR. 


263 


with cane-sugar solution, without evolution of carbonic acid. Cane- 
sugar heated with ferric oxide, sulphuric acid, and water, yields formic 
and carbonic acids. (Hiiiiefeld, J. jpr, Chem. 7, 44.) — With ferric 
acetate^ cane-sugar solution gives off a small quantity of carbonic acid, 
and deposits feiTOus oxide. (Peschier, J, Pkarm. 3, 508.) — When 
1 pt. of iodide of i?wi, 1 pt. cane-sugar, and 4 pts. water are evaporated 
together to dryness, the residue, after stanchng for a week, gives up 
a portion of its substance to water. The dark-brown filtrate contains 
iodide of iron, but is no longer capable of fermenting with yeast. The 
residue is a black-brown powder which is slowly decomposed by hydro- 
chloric acid into a brown solution and cinnamon-brown flocks, gives off 
iodine when heated, and leaves charcoal, after the combustion of which 
ferric oxide remains. Soda-ley withdraws iodine from the residue and 
leaves a mixture of ferric oxide and charcoal. (Frickhinger, Eepert, 
85, 210.) 

31. When a strong solution of cane-sugar is boiled with a few 
lumps of potash, then diluted with water, and nitrate of cohalt added, 
a beautiful violet precipitate is formed which turns greenish on stand- 
ing. The presence of grape-sugar prevents the formation of the pre- 
cipitate. (Reich, /. p)\ Chem. 43, 72.) 

32. AVitli CiqmG Salts. — Cane-sugar solution left in contact with 
cupric hydrate for a week in the cold, neitlier alters its colour nor gives 
off carbonic acid ; but after from 4 to C hours’ boiling — the water which 
evaporates being replaced — cuprous oxide begins to form. (Busch, 
Ann. JPharm. 4, 60.) Cupric hydrate preserves its colour when left to 
stand in the cold, or when boiled for a short time with syrup of cane- 
sugar, but after longer boiling it gives up its water, turns brown, and 
after two hours’ boilmg is reduced to yellow cuprous oxide. If the 
syrup contains a trace of alkali, the cupric hydrate dissolves imme- 
diately, and is then precipitated by the sugar as cuprous oxide, this 
solution and precipitation going on till the whole of the cupric oxide 
is reduced. (Hunton, Lond. Ed. Mag. J., 11, 154.) When cupric 
hydrate washed with cold water, is boiled with cane-sugar solution and 
a little caustic alkali, the colourless liquid filtered from the precipitated 
cuprous hydrate contains oxalic acid (J. J. Pohl, J. pr. Chem. 63, 359), 
carbonic and acetic acids. (Becquerel, Ami. Chim. Phjs. 47, 5.) Ignited 
cupric oxide is not altered by boilmg ifor several hours with solution of 
cane-sugar, but in presence of lime or alkalis, it dissolves and is preci- 
pitated as cuprous oxide. (Hunton.) when cupric hydrate is heated for a 
short time with caue-sugar, and a quantity of potash, not sufficient for complete solution, 
a permanent green colour is produced. (Pohl.) — Oaue-SUgai* boiled with 
aqueous cupric sulphate throws down metallic copper (from which aqueous 
ammonia removes a brown-red him), while a small quantity of cuprous salt 
remains dissolved. (Vogel, Schw. 13, 102.) The concentrated solu- 
tion of equal parts of cuprjc sulphate and cane-sugar acquhes by 
boiling, a blue-green, dark-green, and finally dark-brown colour, and 
deposits metallic copper, after the removal of which the supernatant 
liquid again appears green. On boiling the liquid for several hours 
and repiacing that which evaporates, it becomes dark-brown, viscid, 
and smells like caramel. (Pohl.) The solution of equal parts of cupric 
sulphate and cane-sugar yields, on addition of soda-ley, a precipitate 
of cupric hydrate, which redissolves with deep-blue colour in excess of 
soda-ley, and is precipitated as red cuprous oxide when heated. (Mit- 
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scheiiicli, Pogg. 49, 402.) If a sufficient excess of alkali is present, 
the blue solution remains unaltered in the cold for several clays, and 
deposits a small quantity of cuprous oxide only after some weedvs. 
The reduction does not take place till after some time, even on boiling. 
(Trommer, An7i, Phemn. 39, 360.) After 14 days’ standing in closed 
vessels, it deposits a green-blue precipitate and cuprous oxide. 
(Scliwertfeger, Jalirh. y>r, Pliami, 7, 292.) — When cane-sug’ar is 
boiled with ciqmc cMojidej the liquid on cooling deposits cuprous 
chloride; from cupric nitrate nothing' is precipitated on boiling', but 
the liepid afterwards yields a yellow precipitate with potash. From 
ciqn'ic acetate^ cane-sugar precipitates on boiling* (slowly in the cold, 
more quickly at 36° : Postel, /. Pharin. 18, 570), a large quantity of 
cuprous oxide containing organic matter, whilst a deliquescent sug'ar 
remains in the liquid. (Yogel ; Buchner, Bclm, 14, 224.) At tlie begin- 
ning of the boiling, a small quantity of carbonic acid is evolved. (Pescliier, J. Pharm. 
3, 508.) After half-an-honr's boiling of I pt. verdigris, 48 pts. water, and 48 pts. 
sugai’, the whole of the copper is precipitated as cuprous oxide, together with a colour- 
less jelly soluble in water. (Holger, Zeitschr. phys.^math. 3, 401.) According to 
Baumann (iV. Br. Arch, 37, 47), cane-sugar solution is not altered by boiling with 
cupric sulphate, chloride or acetate, or with cuprammonia. 

33. M&^curic oxide boiled with an aqueous solution of cane-sugar is 
converted into a black powder containing mercurous oxide. (Vogel). 
From solution of mercuric chloride, cane-sugar at the boiling heat, throws 
down calomel (Vogel), a dirty brown precipitate (Peschier); from 
mercurom nitrate it reduces the metal, together with a small quantity 
of mercurous oxide, and converts mercuric acetate into mercurous acetate. 
(Vogel, Bchw, 13, 162; Buchner, Schio, 14, 224). According to Baumann, 
mercurous nitrate is not reduced by sugar at the boiling heat. 

34. Cane-sugar triturated with nitrate of silver soon becomes moist, 
and reddens the more quickly as it is exposed to a brighter light. 
Aqueous cane-sugar mixed with nitrate of silver deposits (at the boil- 
ing heat, according to Vogel) a black powder (Kouchas, J. Pharm, 17, 
116 ; N. Tr. 24, 2, 187) which appears to be a mixtui'c of oxide and 
metal. (A. V Ogel.) According to Baumann, aqueous nitrate or ammonio-nitrate 
of silver is scarcely reduced by boiling vdth cane-sugar solution. — Chloride of silv&H'' 
covered with concentrated potash-ley is reduced to the raotallic state 
by cane-sugar. (Casaseca, Gompt. rend, 32, 686 ; /. pr, Chem, 53, 318.) 

35. Cane-sugar boiled with aqueous hicMoride of platinum prcci|)i- 
tates nothing, according to Baumann; a black-brown substance, accord- 
ing to PescMer. — >36. From ^quBons terchloride of gold it precipitates 
first a light red, then a dark red powder. (Vogel, Buchner.) 

37. Wlieu a mixture of cane-sugar, bromide of ethyl, and lumps of 
potash-hydrate is heated to 100° for several days, Berthelot’s eihjU 
glncoseh obtained. (Berthelot. W,Ann, Chim, Phys, 60, 103; CUm, organ, 
2j 301.) 

38. A solution of indigo mixed with carbonate of soda is not deco- 
lorised by prolonged boiling with cane-sugar solution. (Mulder, 
N. Br. Arch, 105, 268.) 

39. Cane-sugar is not altered either by diastase (Guerin- Varry, 

Am. Chim, Phys. 01 hj emidsin, (0. Schmidt.) 



CANE-SUGAR. 


265 


40. Moderately concentrated aqueous solutions of cane-sugar left 
in contact with certain nitrogenous bodies, at temperatures between 
10° and 30°, undergo transformations distinguished by the names 
Vinous, Lactous, and Fermentation, (See vii, 96.) 

A. Vinous Fernwitation, — The clear juice of sacchariferous plants 
left to itself in contact with the air at temperatiu'es between 20° and 
24°, becomes turbid after a few hours, gives off carbonic acid, becomes 
warmer than the surrounding air, and remains in a state of transfor- 
mation for an interval varying from 48 hours to several weeks, accord- 
ing to the temperature, the amount of sugar present, and the nature 
of the nitrogenous matters, — till in fact the whole of the sugar is 
decomposed. As soon as the evolution of carbonic acid is terminated, 
a substance previously suspended in it, the ferment, separates, partly 
carried upwards by adhering gas-bubbles, partly downwards, leaving 
the liquid clear, which then, in place of the sugar, contains alcohol, 
glycerin, and succinic acid. The ferment formed in this process, if 
introduced at about the same temperature, into a moderately dilute 
solution of pure sugar, induces therein also the decomposition of the 
sugar into the same products. 

Solutions of sugar containing glut in altered by the process of 
germination or of mashing, undergo, on standing, an irregular fer- 
mentation, which however may be rendered regular by the introduction 
of a small quantity of ferment. Such is the case in the fermentation of 
beer- worts. — Comp. Ure (/. pr. CJiern. 19, 183). — When albuminoidal sub- 
stances, glutin, casein, or substances of like nature, are introduced into 
sugar solutions, and the liquids are exposed for some time to the air, 
sometimes vinous fermentation takes place, sometimes another kind of 
decomposition. See the details below. 

The views of Schwann already mentioned (vii, 109) on the conditions of fermenta- 
tion, and those of Cagniard de Latour on the nature of yeast, have been further deve- 
loped by Mitscherlich, Blondeau, Schroder & JDusdi, Van den Broek, Pasteur, and 
others, and may now be regarded as established. For the opposite views of Lieljig, see 
Handwortsrh. 3, 1X7; Agriculhtr,.chemie, 5 Aufl. 469; this Handbook, vii, 109; of 
Schmidt, Ann. Pharm. 61, 168 ; of Schubert, Pogg. 147 and 397 ; of Dopping & 
Struve, J.pr. Chem, 41, 255; of Traube, Pogg. 103, 331 ; of Berthelot, Compt. rend. 
50, 680; &c. &c. 

a. Vinous fermentation is always produced under the influence of 
the vital energy of yeast-celk {Bierliefe, Ferment alcoolique, Tormla 
emvisim : Blondeau de CaroUes), either when beer-yeast is introduced 
into saccharine liquids in which it can grow, or when the liqnid is, of 
such a nature that yeast-cells can form in it spontaneously. 

Vhaoiis fermentation is produced by^ one particular fungus, lac- 
tous fermentation by another. (Blondeau, Pasteur.) The spores 
of yeast are universally diffused through the air, and produce 
yeast-cells whenever they come into a sugar-solution adapted to 
their development; air deprived of these bodies never excites fer- 
mentation. 

Fermentation is in all cases preceded by the development of vege- 
table germs in the fermentable liqnid. These germs are of various 
species, some of which develop themselves while others remain inac- 
tive, according as the liqnid is or is not adapted to their development 
and sustenance. (Blondeau). 

A sugar-solution mixed with yeast feraients immediately ; but the 
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juice of g'rapes and otlier fruits requires access of air to bring it iiito 
the fermenting state. If the air is excluded, expressed grape- juice 
does not ferment, but if oxygen has access to it, fermentation ^ is sot 
up. Grape-juice preserved for a year by Appert’s method (vii, 100) 
ferments a few days after transference into another vessel. The same 
grape-juice passed up over mercury, without coming in contact with 
the air, does not ferment till oxygen gas is passed up to it. Hence, 
Gay-Lussac regarded oxygen as essential to the commencement of 
fermentation in frnit-juices, but not to its continuance. (Gay-Lussac, 
Alin, Chim. 76, 247). 

Air previously heated to redness cannot induce fermentation in a 
solution of sugar mixed with yeast and boiled, inasmuch as either 
unboiled organic matter or unignited air is necessary to the comniencc- 
ment of the process. (Schwann, Pogg, 41, 187 ; Ure, Chem. 19, 187.) 
Wine-must boiled and enclosed in a bladder does not ferment even if 
suspended m fermenting must. It appears indeed that the access of a 
solid body from the air is essential to vinous fermentation, so that 
oxygen gas evolved from water by electrolysis is incapable of bringing 
boiled grape-juice into the fermenting state. (Helmholtz, /. pr. Chern, 
Bl, 434.) The ferment of the air may likewise be retained by filtra- 
tion through cotton ; consequently sweet malt-wort in contact with 
filtered air does not ferment even for weeks. (Schroder & Busch, 
Am. Pkarm. 89, 332.) 

Fresh grape-j nice which has never come in contact with atmos- 
pheric air, suffers no alteration for years when kept over mercury at 
a temperature between 26° and 28°. If oxygen gas previously heated 
to redness or filtered through cotton be brought in contact with it, 
the juice after some hours becomes darker, absorbs the oxygen, and 
gives off carbonic acid, but no fermentation takes place even after a 
long time. Common air, inasmuch as it contains bodies capable of 
forming yeast-cells, or the yeast-cells themselves (even such as have 
never been in contact with the air) can set up vinous fermentation, 
the continuation of which is imomotcd entirely by the growth of the 
yeast-ceUs. (Yan den Broek, Ann. Phana. 115, 75.) 

The fungi diffused over the surface of fruits, leaves, and fruit- 
stalks, likewise induce fermentation in saccharine li(|nidB. If to a fer- 
mentable fruit- juice mixed with sugar, there bo added 2 m(3asures of 
water, the whole violently and continuously shaken, and the licjuid, 
which has become specifically lighter, sot aside, the cells of the fungi 
rise to the surface, and then give rise to formation of mould, but no 
fermentation takes place witliin the' liquid. (II. Hoffmanu, Pkarm, 
115, 228.) 

If the motes floating in the aii’ are collected in cotton or asbestos 
contained in a tube through which the air is drawn, and introduced 
into sugar-solutions which have been well boiled and ooolcd again, 
and are mixed with the mineral and albuminoidal constituents of 
yeast, they develop into infusoria and mxicedwuce, even if only ignited 
air has access to the liquid. Sugar-solutions mixed with the same 
yeast-constituents, but not containing: this dust, undergo no alteration 
between 28° and 30°; neither do those into which cotton or asbestos alone 
is iniroduced. The same liquid remains imaltered if boiled in a glass 
fe#, 4heneckof which is bent so that no dust can fall into it, the 
being afterwards left unclosed. (Pasteur, Con^L rend. 50, 303 * 
6 ^^ ' ' : 
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The better a saccharine liquid is adapted for the nutrition of yeast- 
cells, the more easily will they be developed (from the above-mentioned 
bodies in the atmosphere) when air has access to the liquid. Thus 
vinous fermentation is almost always set up when the clear-filtered 
wash- water, or the decoction, of yeast (which contains the soluble mine- 
ral and albuminoidal constituents of that substance) is mixed with 
sugar- solution and left to itself (as observed long ago by Colin) ; it 
is frequently also accompanied by lactous fermentation ; but the latter 
very seldom takes place alone, unless the wash- water of previously 
altered yeast has been used (Pasteur). All natural saccharine juices 
which ferment spontaneously yield a deposit of yeast (Theuard, Mit- 
scherlich). Also diabetic sugar (Que venue, /. Pharm. 24, 36). Yeast is 
formed in liquids containing putrefying animal matters, on addition of 
sugar, the formation of vibrios contmuing if the sugar is present in 
small quantity only, but being hindered by a larger quantity (Mit- 
scherlich, A". Y. PA«m. 4, 218), A similar observation was made by 
Oagniard de Latour. Hence there can be no doubt that, in the follow- 
ing cases also, the occnrrence of vinous fermentation depends upon 
the previous formation of yeast. Yinoiis fermentation is produced in 
sugar-solutions, after access of air, by the glutinous matter suspended 
in currant-juice, but not by the soluble part alone (Thenard), by white 
of egg (Seguin), giiadiii (Taddei), legunihi, especially if in a state of 
incipient putrefaction (Braconnot), by wheat-glutin, vine- and sorrel- 
leaves, mashed elder-flow'ers (Fabroni), ox-blood, the fibrin and serum 
of blood (Colin), comminuted brain (Pouchct, Compt. rend. 52, 284), and 
many other bodies. Honey dissolved in 4 pts. of water ferments 
without addition of yeast (Colin). Fermenting liquids exposed to the 
air after boiling, gradually pass into the fermenting state again (Gay- 
Lussac). Sugar-solutions cannot be brought into the fermenting 
state by wood-charcoal, the charcoal obtained by igniting animal 
matters with potash and lixiviating the residue, or platinum-black 
(Berzelius), 

The vinous fermentation of sugar is likewise induced by the pecu- 
liar ferment of madder (Schunck’s eryth'ozym) in contact with air, 
especially if this substance is in a state of decomposition. A mixture 
of carbonic aci(land hydi-ogenis evolved ; and the liquid, after 14 days, 
contains alcoliol, acetic acid (periiaps, also, formic acid), a small quan- 
tity of succinic acid, and a sweet, brow-n, iincrystallisable body (gly- 
cerin % Kr.), but no lactic acid. The same effect is likewise produced 
l)y the brown precipitate formed on adding a small quantity of hydro- 
chloric acid to an aqueous infusion of madder after it has been made 
alkaline by lime-water (Schunk, J. pr. Ch&tn, 63, 222). 

The clear filtrate of almonds bruised with water quickly brings 
grape-sugar into full fermentation, without at first producing yeast- 
cells perceptible by the microscope, these cells making their appear- 
ance only at a later stage of the process. The sacchariferous (?) 
liquid, if left to itself after the fermentation is ended, becomes filled 
with aggregates of cells, but putrefaction does not take place within 
8 to 14 days. The fungi thus formed, if introdiiced into a fresh solu- 
tion of grape-sugar, continue to grow in it, but |)roduce only a slight 
and very transient fermentation, .or none at all. When muscle, 
gelatin, or yeast, in a state of stinking putrefaction, is introduced into 
a solution of. shgar, the pntref action ceases, fermentation is set up, 
and yeast-oells are prodtioed, (0. Setaidt, Fhwrm. 61, 168; 
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Lieh, Kopp, Jahresher. 1847-48, 468.) Hence Sclimidt (like Liebig) 
regards tlie growth of fungi in fermentation as merely a secondary 
phenomenon, not an essential condition of the fermentation. But 
E. Wagner (/. j?r. Chem. 45, 241) observed the simultaneous occur- 
rence of fermentation and formation of yeast-cells under the conditions 
described by Schmidt. 

Yeast consists of very small microscopic, round, or egg-sliaped balls 
(Leuwenhoeck, Oagniard de Latour) of diameter (Elondeau). 

These balls are vegetable cells (Oagniard de Latour), with clastic 
walls, filled with a liquid and a soft horny mass, which latter is at 
first attached to the walls, but extends to the middle as the cell 
grows ; young cells are transparent, and almost destitute of granular 
contents. (Mitscherlich, Pasteur.) These cells multiply by gemma- 
tion (Oagniard de Latour, Mitscherlich) ; the newly formed cells do 
not separate from the central cell till they have attained to nearly the 
same size. (Pasteur.) They always remain isolated, and never form 
ramifications or elongated cells, like those of lactous ferment. (Blon- 
deau.) 

According to Oagniard de Latour, Turpin, and Mitscherlich, ycast- 
cells also increase by bursting and diffusing their granular contents 
through the liquid, the granules then developing into cells. Schloss- 
berger and Pasteur did not observe this mode of formation, which is 
likewise inconsistent with the uniform size of the free yeast- cells. — 
Yeast contains cellulose, fat, nitrogenous and mineral substances. 
See analyses of yeast by Payen {M6m. des Savants iiranffers, 9, 32^ ; Dumas {Traite 
de Paris, 1843, 6, 316); Mitscberlich {Lehrb. 4 Aufl. 370); Schlossberger 

{Ann. Pharm. 51, 193). 

The yeast deposited in the vinous fermentation of beer, of diabetic 
urine, of grape-juice or other natural fruit-juices, is invariably of the 
same composition. (Quevenne, J". Fharm. 24, 265.) — In commercial 
beei*-yeast, the cells of Torvula cerevisice and of FenmUium glaucwn may 
be distinguished by the aid of the microscope. Those two fungi may 
be separated one from the other, by washing and filtration, the larger 
cells of the Torvula remaining on the filter (and exciting vinous fer- 
mentation when introduced into sugur- solutions), while the smaller 
cells of the Fmkillmm pass through the filter and, consequent!}’', the 
filtrate excites lactic acid fermentation in sugar-solutions. (Blonclcau.) 

On the distinction between top- and bottom -yeast, see Mitscherlich {Pogg. 59, 94) ; 
R. Wagner (Tpr. Chem. 45,241); on beer-yeast in general, Colin {Ann. CMm* Phgs. 
30, 42). 

Fermentation takes place only when the solution is sufficiently 
diluted with water ; with less than 4 pts. water to 1 pt. sugar, it 
takes place but imperfectly or not at all, partly pei'haps because the 
resulting alcohol precipitates the nitrogenous substances, destroys 
the feimentative power of the yeast, or renders the liquid unfit for its 
further development. If, on the other hand, the liquid is too dilute, 
the fermentation is slow, irregular, and easily passes into acetous fer- 
mentation. Moreover it is necessary that the yeast be in direct con- 
tact with the sugar-solutions. A solution of sugar contained in a 
bladder suspended within a fermenting liqifid, does not fennent, but 
merely takes up a little alcohol by diffusion. (Helmholtz, p. 266.) 

^ When a tube, plugged with filtering paper and containing yeast, 
is introduced into a sugar- solution, this solution passes through the 
paper and ferments within the tube, but not outside. (Mitscherlich, 
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W, Ann, Ghini, Pliys, 7, 30.) When a solution of sugar contained in a 
test-tube is separated into two parts by a cotton plug, and yeast is 
introduced into the upper part, this part ferments, but not the lower. 
(H. Hoffmann, Ann, Pharm. 115, 228.) 

An increase of yeast takes place in fermentation, when the liquid, 
in addition to sugar, contains a nitrogenous substance. When, on 
the contrary, yeast is left in contact with a pure solution of sugar, it 
diminishes both in weight and in fermenting power, and in the end 
becomes totally inactive. (Payen, Quevenne.) 

In the fermentation of pure sugar-solutions, the yeast first increases 
in weight and then diminishes, because it first assimilates the con- 
stituents of sugar, and gives them up again as the fermentation pro- 
gresses. (Quevenne, J. Pharm. 27, 593.) 

Yeast may grow and increase in sugar-solutions if they are mixed 
with ammoniacal salts, yeast-ash, and a trace of yeast, — fermentation 
then also ensuing. 

If to 10 grs. of sugar-candy there be added 1 gr. of yeast-ash, 
0*1 gr. tartrate of ammonia and a piece of moist yeast of the size of a 
pin’s head, carbonic acid begins to escape after the lapse of 24 to 36 
hours, and in the following days yeast separates out. In the latter, 
the microscope will distinguish the old cells added to the liquid from 
the transparent younger cells. In time however these differences dis- 
appear, and the whole of the yeast assumes the granular aspect of old 
washed yeast. If the constituents of the ash or the ammonia-salts 
are absent no fermentation takes place ; if the yeast cells are absent, 
infusoria and lactous ferment are produced, but no yeast cells, 
apparently because the liquid is not adapted for their develop- 
ment (from the spores contained in the air). If the mixtm'e be boiled, 
and afterwards brought in contact only with heated air, no fer- 
mentation of any kind takes place. 

Sugar-solution mixed with white of hen’s egg, passes, in the course 
of 3 or 4 weeks, into a state of slow fermentation and deposits cells of 
yeast (Colin k Thenard, Turpin). Even when yeast-cells are added, 
this fermentation does not take place till the albumin has passed into 
a state of decomposition. But blood-serum, flesh- juice, and the wash- 
water of yeast may serve for the formation of yeast without further 
aid, so that, after addition of sugar, yeast-cells are actively developed 
in these liquids (Pasteur). 

Yeast grows and multiplies in pure sugar- solutions as well as in 
such as have been mixed with albuminoidal substances. In the former 
case all the yeast-cells are found, at the end of the fermentation, to 
be deprived of their soluble nitrogenous constituents, which have been 
used for the formation of new yeast-cells ; in the second case, there 
are found, together with the exhausted cells, a large number of newly- 
formed cells filled with soluble mineral and albuminoidal substances 
(Pasteur). — When sugar- solutions are fermented with 15 to 20 per 
cent, of moist yeast, the quantity of yeast found at the end of the 
fermentation is less than that originally contained in the liquid. If, 
on the contary, the weight of the yeast was 10 p. c, or less of that of 
the sugar, it increases during the fermentation. But if to the weight 
of the recovered yeast, there be added that of the nitrogenous sub- 
stances which have passed into the solution, the sum of the weights 
of the two substances exceeds that of the yeast originally employed 
by 1*2 to 1*5 p. c. of the sugar. K aibiboiinoidal substances are like- 
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•wise added, they are consumed in the formation of yeast ; so that 
here also the weight of the yeast separated at the end of the fer- 
mentation, together with that of the yeast-constituents which have 
passed into the solution, is somewhat greater than the weight of the 
albnminoidal substances used (Pasteur). 

When yeast mixed with sugar-solution and albuininoidal substances 
is exposed to the air in shallow vessels, oxygen is absorbed, and a 
quick and active increase of the yeast-cells takes place, only G to 8 })ts. 
of sugar being decomposed for every 1 pt. of the newly-formed yeast. 
The yeast thus formed, if introduced into sugar- water without coming 
in contact with the air, immediately excites very active fernientation. 
(Pasteur, ComjiU 7'end. 52, 1260). Hence Pasteur concludes that yeast 
can live in two different ways, either without contact of air, in which 
case it decomposes about 100 times its weight of sugar, growing and 
multiplying but slowly, or in contact with the air, in which case its 
reproduction goes on very quickly, but only a small quantity of sugar, 
or, under favourable circumstances, perhaps none at all, is converted 
into alcohol and caihonic acid. — With free access of air, yeast may 
grow in solutions containing albnminoidal substances, but no sugar 
■vthatever, or only milk-sugar (Pasteur, Bull, Soc. Chim, JParis, 1861, 70). 

Thenard (Am, Chim, 46, 294) fermented 100 pts. of sugar with 20 
pts. of beer-yeast, and obtained 18*7 pts, of insoluble residue, which, 
when brought in contact with a larger quantity of sugar, diminished 
to 10 pts. The latter was white, resembled woody fibre, and was no 
longer capable of exciting fermentation. 

The quantity of yeast must bear a definite proportion to that of 
the sugar ; if the sugar is in excess, part of it remains undecomposed 
or merely undergoes a very slow after-fermentation, often going on 
for years. — If, after all the sugar is decomposed, the fermented liquid 
remains in contact with the yeast, or with nitrogenous matter not 
wholly converted into yeast, putrefaction may ensue. 

Sugar- solutions containing a sufficient quantity of yeast, •ferment 
completely in two or three weeks, unless lactic acid fennentatio]i 
takes place. But an extremely protracted fermentation ensues wlieu 
yeast is mixed with excess of sugar. In this case, the yeast lives at 
the expense of the soluble nitrogenous substances, and after tho-se ar<^ 
used up, the younger cells continue to grow at tlic expense of the older 
(Pasteur). 

During fermentation, part of tho yeast is resolved into solubh) 
prodixcts (Thenard). — The yeast roco voted from pure Bugar-Boluiions 
after fermentation is less rich in nitrogen than the original yeaHi, 
partly because its weight has been increased by the addition of noii- 
azotised matter from the sugar, partly because a portion of its own 
nitrogenous substance has passed into the solution. On the other 
hand, it contains more woody fibre and fat than before fermentation ; 
these substances have therefore been formed .from tho sugar. Tlio 
yeast formed in sugar-solutions mixed with ammonia-salts, yeast-ash, 
and traces of yeast-cells, contains fat (Pasteur). Thenard Chm, 46, 
294) supposed th^t yeast might be obtained free from nitrogen by fermentation with 
.esjcfss of sugar. 

The nitrogen of yeast is not converted into ammonia during fer- 
mentation j on the contrary, any ammonia that maybe added dis- 
appears wholly or partially (Pasteur),, Bobereiuer supposed that the nitrogen 
of yeast was converted into s|mmpnia during fermentation. 
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When sugar is fermented 'with the water obtained by washing 
beer-yeast (which has dissolved out the soluble constituents of the 
yeast), and with a trace of yeast-globules, scarcely half the original 
quantity of ammonia is found in the yeast at the end of the fermenta- 
tion. In other cases, scarcely any ammonia is found in the liquid after 
fermentation. When tartrate of ammonia was added to the solution 
before fermentation, the fermented liquid contained free tartaric acid, 
and only f of the ammonia added (Pasteur). 

When sugar-solutions are fermented with a very large excess of 
yeast, the formation of alcohol and carbonic acid goes on, even after 
all the sugar is decomposed, at the expense of the iion-azotised 
matter of the yeast, so that the amount of these two products 
obtained is more than eqnlvalent to that of the sugar. 

The production of additional quantities of alcohol and carbonic 
acid at the expense of the substance of the yeast does not take place 
invariably when the small quantities of yeast absolutely required for 
the fermentation are exceeded, not even when 40 pts. of moist yeast 
(corresponding to 8 pts. of the dry substance) are added for every 
100 pts. of sugar, but only when the yeast is in very large excess. 
Sugar yields, with an equal weight of moist yeast, scarcely more car- 
bonic acid than corresponds to its weight ; with 5 to 7 pts. moist 
yeast, from -aV but with 23^ pts. dry yeast = (110 pts. 

moist), it yields about three times as much. The weight of the 
additional quantity of alcohol produced is likewise equivalent to that 
of the carbonic acid. — Very active yeast, kept under water, under- 
goes a similar fermentation at the expense of its own substance, 
before it passes, by long keeping, into the putrefactive state (Pasteur). 

Yeast loses a considerable portion of its fermenting power by 
pressure, and still more by washing with water (p. 267).— After 
thorough drying, its power of exciting fermentation is for the most 
part destroyed. This statement is opposed to that of Cagmiard de 
Latoiir.— It likewise becomes inactive- when heated either alone or 
with water. Dried yeast excites fermentation even after cooling by 
solid carbonic acid. (Gagiiiard de Latour.)— Yeast crushed on the 
grindstorio no longer excites fermentation (Liidersdorff, Pogg. C7, 
409), or only after a considerable t^me (Wagner); it then excites 
lactous fermentation. (G. Schmidt.) Yeast altered by too long-con- 
tinued putrefaction, is inactive ; but if the putrefaction has been less 
prolonged, it may be checked and converted into fermentation by 
addition of sugar. (Schlossbcrger, Ann. Pharm. 51, 211.)— The 
fermentative power of yeast is destroyed by all substances which 
exert a poisonous action on fungi, but not by such as kill animals. 
(Schwann ; Mitscherlich, W. /. Pharm. 4, 218.) Yeast sprinkled -vyith 
alcohol, loses its fermentative i>ower, which is not transferred to the 
alcphoL 

The action of yeast on sugar is prevented by too great concentra- 
tion of the solution, whether due to alkaline chlorides, gelatin, gly- 
cerin, or sugar. (Berthelot, N. Ann. Ghim. Phgs. 50, 35^.) Strong 
mineral acids, qdded even in small quantity, prevent the fermentation, 
phosphoric acid alone acting favourably. (Wagner, /. pn Chem. 45, 
241.) Sulphuric acid docs not accelerate the fermentation of sugar 
(Rose) ; sulphurous acid stops it. (Heni^, Ann. Ohm- 76, 290 ; Gay- 
Lussac.) Water saturated with bisulphide of carbon does not pre- 
Tent fermentation, at leasti nob comilebbly. (Berthelot.) Aisenious 
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acid does not prevent fermentation. (Qxievenne, Scldossberg'er.) 
According to Rousseau, vegetable acids arc essential to^ fermentation ; 
according to Antlion, tlicy are injurious. Small quantities of formic, 
oxalic, or acetic acid, destroy the activity of ferment (Ddboroinor) ; 
acetic acid, and especially lactic acid, act favourably, according to 
Mulder and Wagner, unfavourably according to Dumas and Anti, ion 
{Dmgl 153, 303; 154, 223); tartar acts favourably with cane-sugar 
according to Rose, injuriously with fruit-juices or grape-sugar, accord- 
ing to Anthon. The juice of unripe gooseberries or currants mixed 
with grape-sugar ferments more completely when neutralised with 
carbonate of lime than in the sour state. (Anthon, DingL 153, 385). 
The fermentation of sugar-solutions mixed with yeast goes on most 
quickly when the liquid is kept neutral by addition of carbonate of 
lime, the action not being necessarily accompanied by formation of 
lactic acid. But such a hquid also promotes the development of 
laetous ferment, so that a portion of the sug-ar is apt to be converted 
into lactic acid. (Pasteur, N. Ann. Cliini. Phys. 52, 415.) -“Fermenta- 
tion is not prevented by the oxides of zinc, lead, and copper, the car- 
bonates of baryta, magnesia, manganese, and nickel, or even by 
metallic iron or ferrous carbonate ; but soluble iron-salts partly prevent 
fermentation, and fenic sulphate added to the amount of 30 p. c. of 
the sugar, stops it entnely. A similar counteracting effect is produced 
by peroxide of manganese, carbonate of copper, carbonate of lead, and 
soluble lead-salts, (Berthelot.) Mercuric oxide destroys the fermen- 
tative power of yeast. (Colin.) Fermentation is retarded by potash 
or lime (Cruiksnank), by soaps (Wagner), mterruptecl by a small 
quantity of common salt. (Dobereiner.) Fermentation is not prevented, 
or at least not completely, by bicarbonate of potash or carbonate of 
soda, to the amount of 10 p. c. of jbhe sugar (50 p. c. stops it com- 
pletely), sulphate of soda or sulphite of lime ; it is not prevented by 
hyposulphite, borate or phosphate of soda, or by tartar emetic (Mits- 
cherlich), extract of mix vomica (Schwann, Ure), quinine or strychnine 
(Wagner). Wine-must added to mustard-powder or oil of mustard does 
not ferment in 8 months. (Fontenelle, J, Pharm. 9, 437.) Oil of tur- 
pentine does not prevent the action of yeast upon sugar. (Berthelot.) 
Yeast-cells sown in onion-juice expressed and mixed with sugar, 
never develop themselves, unless the volatile oil is driven out l)y 
bo^ng. (Fastexir, N. Ann. Chtm. Phys. 52, 416.) On the influence of 
various bodies on vinous fementation, see also Leuchs Chem. Centr. 1861 , 385 ). 

Cime-siigar does not undergo vinous fermentation, till, under 
the influence of a peculiar substance in the yeast, or of a substanc(i 
contained especially in the kernel of fruits, it has been resolved, with 
assumption of water, into Isevo- and dextro-glucose. (Dubrunfaut, 
Berthelot, Buignet), In this re-action, the specific gravity of the cane- 
sugar solution increases (Graham, Hoffmann & Redwood, Chem. Soc. 
Qn. J. 231 ; Lieh. ICopjp, Jahresher. 1852, 801). 

Cane-sugar does not split up into alcohol and carbonic acid, till it 
has taken up an atom of water (Dumas & Boullay, Ann. CUm. Phys. 
37, 46). It is converted, 2)revious to fermentation, into uncry stallisable 
(Dubrunfaut, 1838), losvo-rotatory sugar (Persoz, Compt. rend. 17, 755 ; 
W. A7in. Chm. Phys. 18, 102), into grape-sugar (Rose, Poyg. 52, 293). 
The spontaneoxxs fermentation which sacchariferous vegetable juices 
undergo on standing, -produces inversion of the cane-sugar contained 
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in them. (Biot, Compt. rend 15, 528 ; Hochstetter, /. pi\ Chem. 29, 29.) 
The conversion of cane-sugar into unciystallisablG sugar is like- 
wise produced by boiling with nitrogenous substances (Hochstetter). 

Cane-sugar solution in contact with washed yeast does not ferment 
for a month at 20° or even at 38°, whereas grape-sugar ferments 
completely under similar circumstances. It is not till a six- or eight- 
fold quantity of yeast has been added, that slow fermentation takes 
place, the larger quantity of yeast first converting the cane-sugar 
into grape-sugar. If the fermenting cane-sugar solution is mixed 
with a quantity of alcohol sufficient to stop the fermentation, and the 
filtrate evaporated to a syrup, a non-crystallisable mass is obtained 
resembling honey, and behaving with potash like gTape-sugar (Eose). 
Grape-sugar certainly ferments somewhat better and more quickly 
than cane-sugar, but without exliibiting- the gTeat differences men- 
tioned by Eose. The same quantity of yeast suffices for both kinds 
of sugar. (Pasteui’, N. Ann. Chim. Pliys. 58, 357.) The sugar pro- 
duced from cane-sugar by the action of a ferment, cannot be obtained 
in the crystalline state, and is different from grape-sugar, polarising less 
strongly than granular sugar (Kriiindzuclcer). This transformation of 
cane-sugar is produced by a substance which is present in the yeast - 
spherules and may be extracted by water. Consequently cane-sugar 
ferments with washed yeast less quickly than with fresh yeast. 
Ordinai'iy uiiwasliod yeast brings cane-sugar into fermentation as 
quickl^'as grape-sugar (Mitscherlich, Berl. Akad JBer. 1841, 300 ; Pogg. 
55, 222'; Berz. Jahresher. 22, 482). According to a former view, which 
Pasteur (iV. Ami. Chim. Pliys. 58, 357 ; Compt. rend 50, 1083) still 
endeavours to maintain, the inversion of the cane-sugar is produced by 
the free acid of the fermenting liquid. This view is contradicted by 
the experiments of Mitscherlich, as well as by those mentioned on 
page 254, on tlie behaviour of cane-sugar vnth dilute acids at mean 
temperatures, and by the following. Succinic acid mixed with a cane- 
sugar solution to the amount of 0-38 p. c. does not produce inversion ; 
but when yeast, which has been j)ressed, is suspended in 2 pts. of 
water, the liquid filtered, after some hours iwoduces transformation of 
cane-sugai', even in an alkaline solution, but no fermentation or acidifi- 
cation. When the same liquid is mixed with its own volume ^ of 
alcohol, white nitrogenous flocks are precipitated, which after being 
washed with alcohol and dried, become yellow and horny, and are 
capable of transforming from 50 to 100 pts. of cane-sugar. This 
substance may be continually reproduced from washed yeast by again 
leaving it in contact with water. (Berthelot, Compt. rend 50, 980 ; Mep. 
Chim. pui% 2, 272.) When added to fruit- juices, it likewise transforms 
the cane-sugar into inverse sugar (Bnignet, N* Ann. Chim. Phys. 61, 
301). The nitrogenous matter of beet-juice also converts cane-sugar 
into uncrystallisahle sugar ; consequently solutions of raw sugar are 
more eashy decomposed by boiling than solutions of refined sugar. At 
the same time, part of the nitrogenous matter becomes soluble and no 
longer precipitable by heat, lime, or tannic acid. (Hochstetter, J.pr. 
Chem. 20, 29.) 

The cane-sugar in the expressed juice of the peach quickly under- 
goes this transformation on standing (even if the free acid has been 
neutralised); but if the juice is mixed with an equal quantity of 
alcohol and filtered from the resulting precipitate, the transformation 
is scarcely perceptible even after two months. The acid juice of 
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apricots may be kept for a while without much alteration ; but if it be 
mixed with a small quantity of a solution obtained by extracting 
crushed gooseberries with water and filtering, a considerable portion 
of the cane-sugar in the apricot-juice undergoes transformation in 
12 hours at ordinary temperatiues. (Buignet.) 

At the beginning* of the fermentation, and even an hour afterwards, 
a solution of cane-sugar still exhibits dextro-rotatory power which, 
howeyer, becomes lasvo-rotatory after boiling with acids. Hence the 
transformation of the cane-sugar into inverse sugar takes place 
during the fermentation, not before, and is not quite complete 
even towards the end of the operation (Soubciran, iY. Ji Fharm. 
4, 347). 

7. When a solution of cane-sugar which has been transformed by 
acids, is fermented, the rotatory power of the fermenting liquid does 
not dimmish till or of the sugar is converted into alcohol, but 
from this point a regular diminution of the Isevo-rotatory power takes 
place, proportionate to the quantity of sugar decomposed. Tlic cause 
of this alteration is, that duiing the first half of the fermentation 
2 at. dextro- glucose disappear for every 1 at. hBvo-rotatory fruit- 
sugar, whereas during the second half of the fermentation, 2 at. 
Imvo-gluGOse are decomposed for every 1 at. dextro-rotatory grape- 
sugar. (Dubrunfaiit, N, Ami. CMm. Fhys. 21, 169 ; Compt rend, 
42, 904.) This behaviour of inverse sugar is designated by Dubrun- 
faut as Fermentation alcoolique elective. 

So, according to Dubrunfaiit. According to Soubeiran (Y. J. Pharm, 
4, 347) the solution of inverse sugar continues to exhibit Isevo-rotatoiy 
power during the whole of the fermentation, this power, however, 
becoming weaker as the sugar is decomposed. More recently (Y. /. 
Pharm. 16, 259), Soubeiran describes the following ex|)eriment : 
Cane-sugar completely inverted by oxalic acid and freed from that acid 
by addition of marble, exliibitedwhen dissolved in water, 18 of Imvo- 
rotation for 35*1 p. c. of inverse sugar in the solution. In the course 
of the fermentation, the Isevo-rotation rose to 25°, at which point the 
solution contained 21*3 p. c. inverse sugar, then sank to 10°, when the 
sugar was reduced to 11*5 p. c. On Dubrunfaut’s view, this and the 
following statements are unintelligible. (Kr.) The colourless inactive 
sugar obtained by heating cane-sugar with a little water to 160°, does 
not deflect the plane of polarisation at anytime duringits fermentation, 
but during the fermentation of fruit-sugar (inverse sugar is probably intended, 
inasmncli as Mitscberlicb was not acquainted with pure Isevo-rotatory frait-sngar) 

the i'otatoi*y power of the liquid decreases in proportion as the sugar 
is decomposed, though it does not actually change from left to right. 
(Mitscherlich, Perl AJead Per, 1843; Pogg.^ 59, 94; W. J. Pharm. 
4, 216). When dextro- glucose is mixed with inverse sugar, these 
two kinds of sugar disappear diming fermentation, simnltaneously and 
iuyqiial proportion, so that the cessation of the fermentation does not 
coincide with the disappearance of the inverse sugar. (Dubrunfaut). 
In fermenting honey, the Isevo-rotatory power increases at first, in 
consequence of the inversion of the cane-sugar present ; afterwards 
the fermentation proceeds like that of inverse sugar. But towards the 
end of the process, dextro-rotatioYappeai’s again, so that the sugar, 
which disappears at last, appears to be a peculiar idnd of dextro-rota- 
tory sugar. (Dubnmfaiit.) 
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S, In vinous fermentation, the greater part of the sngar is resolved 
into alcohol and carbonic acid : 

C12H12013 = 2C-‘H602 + 4C03, 

a smaller portion, not exceeding 4 or 5 per cent., being converted into 
glycerin, succinic acid, and carbonic acid. The yeast itself takes up a 
portion of the elements of the sugar, varying from 1 to l-J per cent, 
of the whole, according to its quantity, in the form of cellulose and fat 
(Pasteim, iV". Ami. Chim. JPliifs. 58, 330 ; Preliminary Notice, Compt. rend. 
46, 179, and 857). — On the formation of cellulose from sugar during fermentation, 
see Terreil {Bull. Boc. Chim. Paris, 1861, 109), and Pasteur’s remarks {Ibid. 111.) 
For the formation of succioic acid and gtycerin, Pasteui’ gives the 
equation : 

49C12H1201- + 60HO = laCSH^OS + 72CGHS0f5 + OOCO^. 

Lavoisier found the sum of the weights of the carbonic acid and 
alcohol nearly equal to the weight of the sugar employed. Gay- 
Lussac (Ann. Chim. 95, 318) calculated therefrom that 100 i^ts. cane- 
sugar should yield 51*34 pts. alcohol and 48*66 carbonic acid. Dumas 
& Boullay (A7in. Chim. Phjs. 37, 45) showed that cane-sugar must 
take up an atom of water, before it can resolve itself into alcohol and 
carbonic acid. The acid present in vinous fermentation was regarded by 
Lavoisier and Thenarcl as acetic acid, by others as lactic acid. But 
the formation of lactic acid takes place only when its peculiar ferment 
is present, not during the fermentation excited by beer-ycast 
(Pasteur). The occiuTence of siiccmic acid was formerly observed in 
the fermentation of honey, bread, and Siliqua didcisy by Beissenhiidz 
(Peid. Jalirh. 1818, 158), of pea-flour with casein, by Dessaignes ; in 
fermenting sugar- solution by Schmidt (Lieh. Kop^p. JaJiresber. 1847-8, 
4 66); in the fermentation of sugar vnth madder-ferment by 
Schunck (J. p>r. Clmn. 63, 222). But Pastern* first showed that 
succinic acid is an essential and constant product of vinous fermenta- 
tion, after Guerin-Varry (Ann. Chim. Phys. 60, 58) had pointed out 
that, in the fermentation of cane-sugar, 3*6 per cent, of the sugar is 
lost for the formation of alcohol and carbonic acid, because other pro- 
ducts are likewise formed. 

100 pts. of cane-sugar brought in contact with a quantity of 
yeast, wMch would have weighed 1*2 pts. in the dry state, yielded 
0*673 pts. succinic acid, and 3*64 pts. glycerin. Part of the yeast was 
converted into soluble (acid) substances ; but the weight of the yeast 
recovered from the fermented liquid was greater than that of the 
yeast origmally employed, because it had assimilated the elements of 
the sugar. The soluble matter is a product of the decomposition of 
the yeast, and is formed in greater abundance in proportion as a 
larger quantity of yeast has been employed. The substance taken up 
by the yeast amounts to between 1 and 1^ per cent, of the sugar, if 
the fermentation is set up by adding to the sugar-solution albu- 
minous substances and only so much yeast as is required for regular 
fermentation ; it is contained in the yeast chiefly as fat and celMose, 
and is produced in larger quantity when the sugar is in excess 
(Pasteur). 

Glycerin and succinic acid are produced by the yeast itself, not by 
any peculiar ferment (such as the ketous acid ferment). Both these bodies, 
as well as the carbonic acid, are products of the decomposition of the 

T 2 
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sugar, not of the yeast [it should perhaps he : their formation is a result of the 
vitality of the yeast, not of the decomposition of dying yeast (Kr.)]. They are 
always produced, whatever may be the temperature of the fermenting 
liqnid, the atmospheric pressure, or the weight and variety of the sugar 
employed, — ^by old as well as by newly formed yeast, in acid as well as 
in neutral liqnids, but more abundantly in the latter ; in larger quantity 
also when the fermentation is comparatively slow. Their absolute 
quantity is variable ; but their weights are for the most part in 
definite relation to one another (Pasteur). 

When yeast is heated with solution of sugar to 100°, just after the 
fermentation has commenced, an abundant and continuous evolution 
of carbonic acid takes place, according to Quevenne (J. Pharm, 27, 603), 
and at the same time there is formed from the sugar, not alcohol, but 
a peculiar, uncry stallisable and non-fermentable substance. According' 
to Berthelot, the carbonic acid evolved on heating is merely that which 
has been previously formed by the vinous fermentation, and the 
amount of sugar decomposed does not exceed that which corresponds 
to the carbonic acid. (Afi Ann. Chim. Phys. 52, 362.) 

Besides common alcohol, there arc produced, during fermentation, 
small quantities of other alcohols especially lutijlic alcohol 
amylic alcohol (G^®H^^0^), and others, but no methylic alcohol. On the 
formation of these bodies, see Maumene {Compt. rend. 45, 1021) j Wurtz (A. Ann. 
Chim. Phys. 42, 129.) 

The carbonic acid which escapes in fermentation is not mixed with 
any other gas, (Thenard).— Pastenr found nitrogen, not proceeding 

from the yeast. So likewise Berthelot {N. Ann. Chim. Phys. 52, 362). It is quite 
free from hydrosulphuric acid. (Schlossberger, Ann. Pharm. 51, 203.) 

The bubbles of carbonic acid are never evolved from the yeast-cells, but always from 
particles of foreign bodies present in the liquid. (Pasteur.) 

The gum, extractive matter and malic acid (Proust), the dextrin 
(Ventzke, J. pr. Chem. 25, 81) contained in fermenting liquids, arc not 
altered by the fermentation. 

Lactous Fermentation. See x, 76, and xi, 473. In the preparation of 
of lactic acid (xi, 475), the precipitate formed on the bottom and sides 
of the vessel from the chalk and the decomposition-products of the 
cheese is found, at the end of the fermentation, to be covered with, a 
small quantity of a grey substance, the lactous ferment. When this 
substance is introduced into a cooled and clear-filtered decoction of 
beer-yeast, together with from 15 to 20 pts. of water, chalk, and a 
quantity of sugar equal to from to of the liquid, and this liquid 
is kept at a temperature of 30° to 35° for some days, a brisk evolution 
of carbonic acid and hydrogen takes place, the liquid becomes 
turbid and deposits a precipitate, and the chalk dissolves in the form 
of lactate of lime. The new (and already pxire) lactous ferment 
separated at this stage of the process, if introduced, together with 
chalk, into sugar-water, produces within an hour, an incipient evolu- 
tion of gas and conversion of the sugar into lactate of lime. (Pasteur, 
W. Ami. Ohm. Phys. 52, 404.) 

As yeast is necessary to vinous fermentation, so likewise does 
lactous fermentation require the presence of a peculiar substance, the 
lactous ferment (Blondeau, Pasteur). This ferment, according to Blon- 
dean, is the Penicillium glaucim. When lactous fermentation is set up 
iu suitable sugar-solutions merely left to themselves, it is because 
certain bodies present in the air develop, in the liquid, into cells of 
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lactous ferment, which then set np the fermentation. If, therefore, 
the air is excluded, or if only heated air has access to the liquid, no 
lactous fermentation will take place unless lactous ferment is added 
(Pasteur). 

Lactous ferment, viewed in the mass, resembles beer-yeast ; it is 
gTey, slightly glutinous, and appears, under the microscope, to con- 
sist of very small spherules of mm. diameter, some isolated, others 
united in groups, and possessing molecular motion (Pasteur). The 
cells of Penioillmm have, at most, a diameter of j^mm. ; they 

increase at first, like the cells of yeast, by formation of new round 
cells, but afterwards by formation of elongated and many-branched 
cells, which ultimately cover the surface hke a white mould (Blondeau). 

A small quantity of lactous ferment is capable of decomposing a 
large quantity of sugar, provided the liquid is kept neutral by chalk, 
otherwise its action on the sugar is retarded by the free acid. It 
increases if nitrogenous matter, which may serve to nourish it, is like- 
wise present. By desiccation or by boiling with water, its action is 
weakened, but not altogether prevented. It acts best on sugar when 
air is excluded, inasmuch as the action is then not interfered with, 
either by the formation of mould or by infusoria. If no other ferment 
is present, the lactous fermentation goes on regularly, and often more 
quickly than vinous fermentation (Pastern:). 

In solutions of cane-sugar containing phosphoric acid and ammo- 
niacal salts, PenicilUum glcmciim can grow and convert all the sugar 
into lactic acid (Pasteur, Compt. rend. 51, 298). 

Previous to lactous fermentation, the liquid always becomes vis- 
cous, in consequence of the development of Penicillium glauctm^ whose 
ramifications fill the liquid to such an extent that it does not mn out 
when the vessel is inverted. If this plant can develop itself in sugar- 
solutions, lactous fermentation ensues whether the liquid is acid or 
alkaline. If the liquid also contains albuminous substances, these 
yield ammonia and carbonic acid for the development of the Pmicilliuni^ 
and are partially converted into butyric acid, while part of the sugar 
is transformed into mannite (Blondeau, N. J. Pkarni. 12, 257). 

The spontaneously developed fermentation of saccharine juices con- 
taining nitrogen, is sometimes lactous, sometimes vinous, mostfrequently 
both together.— If yeast (as is generally the case) contains the cells of 
Penicillium glaucum^ as well as those of Torvula cerevisice., vinous fermen- 
tation takes place first, then lactous fermentation, at the expense of still 
unaltered sugar. (Blondeau.) When sugar-solutions are brought into 
the state of lactous fermentation by cheese (or other nitrogenous sub- 
stances) the lactic acid, formed after a while, jnevents the further action 
of the ferment, but after repeated addition of bicarbonate of soda 
(Boutron & Fremy), or chalk (Pelouze & Gelis), the whole of the sugar is 
converted into lactic acid.— Slightly alkaline liquids are best adapted 
for the development of lactous ferment, neutral liquids for the develop- 
ment of yeast. (Pasteur.) The kind of fermentation, vinous or lactous, 
excited in sugar-solutions by a nitrogenous substance depends upon 
the stage of decomposition at which that substance has anived. 
(Boutron & Fremy.) 

Sugar-solutions undergo lactous fermentation in contact with 
vaxious membranes, especially calf's rennet (Fremy, Compt. rend. 8, 
96, and 9, 165 ; see also Gay-Lussac, Compt. rend. 9, 46), with diastase 
altered by exposure to the air— with the previously altered nitrogenous 
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sulDstanco of beot-juice — witli decomposing animal bladder — ^witli 
whey. (Bontron & Fremy, iVl Ann, Ghim. Phj/s. 2, 256 ; Blonde an.) — 
When tirinc, mixed with sugar, is left to itself, PenkiUmm (jkmciinh 
becomes developed, and lactic acid is produced. (Blondcan.) 

The soluble parts of glntin and casein, as well as the nitrogenous 
liquid which remains after vinous fermentation, arc jjcculiai'ly well adapted 
for the development of lactous ferment ,* cojisoqnently, when those 
Mquids are mixed with sugar and exposed to the air, ferment is formed 
in them, even if yeast is added, the two ferments then exerting their 
specific actions side hy side (Pasteur) ; see also Mucous Fermentation^ p. 280. 

The solution of sugar in whey becomes so viscid in a few clays, as 
not to run out when the vessel is inverted. Each drop of the liquid 
then exhibits under the microscope a large number of individual cells, 
and of intergrown shoots, which when developed rise to the surface 
and there fructify, so that the licj[uid becomes covered with a layer of 
mould. The mass which has then again become fluid, contains acetic, 
lactic, or butyric acid, according to the species of plant wliich has 
been developed in it. — If carbonate of ammonia has been added to 
the saccharine whey, no penicillium cells are formed in it, or only very 
few. 

- A mixture of 4 pts. sugar, 2 pts. chalk, 8 pts. cheese, and 20 pts. 
-water exposed to a temperature between 20® and 25®, gives off, within 
the first 8 days, carbonic acid mixed with a very small quantity of 
hydrogen. In open vessels, the surface becomes covered with a layer 
of mould containing a large number of cells of Penicillium glaucim ; the 
liquid becomes acid, viscous, and ropy, and the casein, in combination 
with the chalk, falls to the bottom. In the tether progress of the 
fermentation, hydrogen is evolved as well as carbonic acid, the casein 
is converted into butyric acid, the sugar either into lactic and acetic 
acids, or into mannite. (Blondeau, N, J, Phdrm. 12, 340.) 

Also when the decoction of yeast, mimixed with cells of lactous 
ferment, is set aside with sugar and chaUi, lactous fermentation sets 
in after contact with the air for a short time, generally, however, 
accompanied by another kind of fermentation (Pasteur). See Mimm 
Fermentation. 

In liquids containing sugar, ycast-ash, and tartrate of ammonia 
(p. 269), iiflusork and cells of lactous ferment are produced in contact 
with the air, even when small quantities of yeast are added. After a 
few days, the infusoria disappear, while the lactous ferment increases, 
and often remains as the only active ferment. When carbonate of 
lime is added to sugar- water containing small quantities of ammonia- 
salts and phosphates, and the liquid is exposed to the air, it begins, 
after 24 hours, to show turbidity and give ofi gas ; the fermentation 
which ensues in the following days causes the ammonia to disappear, 
the carbonate of lime and the phosphates to dissolve, and produces 
lactate of lime and lactous ferment, which latter is usually mixed with 
infusoria (Pasteur, Compt rend. 48, 337). 

The fermentation observed by J. Gay-Lussac & Pelouze (A 7 m. 
Chim. Ph/s. 52, 411) in kept beet- juice, and by Pourcroy & Vauquelin 
in kept onion-juice, appears to have been partly lactous, partly mucous 
fermentation. 

Sugar may be converted, by lactous fermentation, into lactic acid, 
without yielding other products of decomposition (Boutron). 

Sugar in the state of lactous fermentation may bo converted into 
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lactic acid, without yielding other products (Boutron & Fremy). The 
alcohol, gmu, and mannite, which are sometimes produced in lactous 
fermentation, occui’ only when yeast or mucous ferment is mixed with 
the lactous ferment. (Pastern.) The butyric acid is a product of the 
fiu'ther decomposition of the lactic acid (x, 7 6). — Occasionally, sugar 
yields, under the influence of animal membranes, an acid different 
from lactic acid and forming a lime-salt soluble in alcohol. (Boutron 
& Fremy. See also Berthelot, iv. Ann, CTiim. pjujs. 50 , 359 .) — Fremy assumed 
that the sugar was transformed, first into mannite, then into lactic acid. 

^ When inverse sugar, formed from cane-sugar by the action of 
acids, is submitted to lactous fermentation, the Imvo-rotatory power 
of the liquid is increased by -I- and then remains constant without 
further fermentation occurring. This increase of rotatory power, 
compared with the quantity of lactic acid that is formed, proves 
that only the dextro-giucose has been converted into lactic acid, 
while the Isevo-glucose has remained unaltered (Dubrimfaut, N, Ami. 
CJiim. Phys. 21, 175). Dubrunfaut himself does not consider his 
experiment conclusive ; according to other statements, including 
those of Pasteur (Compt rend. 51, 298), the whole of the sugar dis- 
appears in the lactous fermentation. 

The lactous fermentation of sugar may be replaced, under 
apparently similar circumstances, by a conversion of the sugar into 
acetic acid. 500 grms. sugar dissolved in a litre of water, and set 
aside for a month, in contact with 300 grms. cheese, without access of 
air, and at a temperatm’e of 20°, did not give off any gas, but formed 
a thick crust of mould and a large quantity of acetic acid. This 
transformation takes place under the influence of Torvula aceti. 
(Blondeau, N. J, Pharm. 12, 336.) 

The molasses left in the manufacture of beet-sugar, if rich in nitrates, 
sometimes gi%ms off nitrous acid during vinous fermentation, accord- 
ing to Pasteur {Bull, Boc, Chim. Park, 11 Mar. 1859 ; Kopp’s Jahresher. 
1859, 553), only when it undergoes vinous and lactous fermentation at 
the same time. The nitrates arc here reduced by the hydrogen 
evolved in the formation of lactic (more correctly, of bntyiic) acid. 

Aqueous sugar-solutions set aside for weeks or montlis at 40° or 
a lower temperature in contact with chalk and cheese (glue or other 
jiitrogonous substances) undergo a fermentation different from the 
vinous, and not depending on the presence of yeast. In this fermenta- 
tion, both the nitrogenous substance and the sugar are destroyed, car- 
bonic acid, nitrogen and hydrogen escape, and alcohol, lactate of lime 
and butyrate of lime are produced (Berthelot, iY. Ann, Chim, Phm. 
50, 351). 

Berthelot likewise designates this reaction as Fermentation alcoolique, 
whereas Pasteur (iY Ann. CUm, Phys, 58, 324) regards it as lactous 
fermentation. — 10 grms. cane-sugar, 120 grms. w^ater, 10 grms. 
chalk, and 2 grms. cheese, yielded at 40° in six weeks, 1*2 grm alcohol, 
together with lactate of lime, ferment, and 3 grms. of imaltered sugar. 
— 170 grms. cane-sugar, 2 litres of water, 200 grms* chalk and 200 
grms. cheese, at a temperature near 0°, yielded in five weeks, 10 
grms. alcohol, together with lactate of lime and a small quantity of 
butyrate. In this i^eaction, neither mannite nor fat was formed. 
Yeast was not produced, if the process was conducted out of contact 
with air, or in an atmosphere of carbonic acid j nevertheless alcohol 
was obtained even under these circumstances. Compare the correspond- 
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ing experiments of Berthclot, under GlucosCt Manniie^ DiilcUe, Sorhite mil MiUc- 
sugar, 

0. Mucous Fermentation, — This is another Mud of fcmicantation 
Vvdiicli cane-sugar imdcrg’ocs, likewise luidcr the influence of nitrogenous 
substances and in contact with air, but under circumstances otherwise 
not exactly known, — giving rise to the escape of carbonic acid and 
hydrogen, and the farniation of manintc, a peculiar gum and a 
mucilaginous substance. 

The mucous fermentation of sugar takes place (like vinous and 
lactoiis fermentation) under the influence of a peculiar mucous fennent. 
Tliis ferment is composed of spherules from 0*0012 to 0*0014 mm. 
diameter, and when introduced into sugar-solutions containing albumin 
causes the sugar to be resolved into mannite, gum, and carbonic acid, 
100 pts. cane-sugar yield, on the average, 51*09 pts. inainiito and 45*5 
pts. gum, corresponding to the equation : 

+ 13HO = 12C’2HioOio + + 12C02. 

When a larger proportion of gum is obtained, the liquid is observed 
to contain larger spherules, probably belonging to a peculiar mucous 
ferment (Pasteur, Bull, Soc, Chim, Paris, 1861, 30). 

Mucous feimentation requires access of air and likewise the 
presence of nitrogenous matter; but the latter is capable of exciting 
mucous fermentation even after boiling. In this reaction, neither 
acid nor alcohol is produced. (Hochstetter.) Mucous fermentation is 
prevented by sulphmic acid, hydrochloric acid, or alum (Desfosses), by 
free mineral acids (Hochstetter, J.pr, Cliem, 29, 30). 

Syrup of cane-sugar which had been poured at the boiling heat 
into bottles in Martinique, the bottles being filled with it, underwent 
mucous fermentation on being transported to France and poured out 
into open vessels. (Peligot.) — Fresh beet- juice becomes gummy by 
contact with air, and then contains mannite, gum, lactic acid, and nn» 
crystallisable sugar. These changes take place with greater facility 
when fermenting beet-juice is added to the fresh juice, even when the 
greater part of the nitrogenous matter has been removed by lime, and 
whether the quantity of free alkali present is great or small. Alc.oholic 
fermentation sometimes sets in, if the acid is neutralised (Hochstetter). 
•— When carrot- juice is left to itself between 30° and 40°, the cane- 
sugar which it contains is converted into glucose, mannite, lactic acid, 
and a gum isomeric with gum-arabic (Tilloy & Maclagan). 

The expressed juice of mangold-wurzel begins to ferment in 84 days, 
and_ the fermentation is complete in days. From the solxition, 
clarified and evaporated to a syrup, alcohol of 80 p. c. precipitates a 
glutinous mucus, and the filtrate yields crystals of mannite. If the 
mneus be washed with alcohol, its aqueous solution precipitated with 
basic acetate of lead, the washed precipitate decomposed under water 
by hydrosulphuric acid, and the filtrate evaporated to dryness, a 
transparent, slightly coloured gum is obtained, containing 40*89 p. c. 
carbon, 6*10 hydrogen and 53*01 oxygen (Kircher, Ann, Pharm, 31, 
337). 

The juice of the sugar-cane contains a white non-azotised (?) sub- 
stance, which becomes brown and moist in contact with the air, is soft 
and difficult to dry, soluble in water, insoluble in alcohol and ether, and 
is precipitated from its aqueous solution by oxide of lead, mercurous 
salts, and alcohol. It converts sugar into a substance intermediate 
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between starcli and glutin, this substance being formed quickly and 
somewhat abiindantly in syrups, and rendering them viscid, ductile, 
and iiiicrystallisable. If, therefore, the juice, after being' treated with 
lime, is left to stand for 48 hours, a jcUy is produced, from which alcoliol 
throws down a soft, white, nacreous precipitate, which dries up to a 
nacreous mass, dissolves but sparingly in hot or cold water, even when 
moist, but swells up in it to a transiDarent mass, and when treated with 
nitiic acid, yields notiiing but oxalic acid. This mass is not coloured 
by iodine, or converted into sugar by dilute acids, and does not give 
off ammonia on dry distillation. It is found abundantly at the bottom 
of the vats in wiiich molasses is left to ferment for the preparation of 
rum. (Plague, J. Phapn, 2G, 248.) 

Lemonade containing sugar, volatile oil, citric acid, and condensed 
carbonic acid, loses its fluidity and becomes gummy by long keeping, 
especially in winter. If the gummy liquid be precipitated by alcohol, and 
the precipitate, which is friable when dry, be washed with alcohol, there 
remains, after drying at 100°, a viscid, semi-transparent, horny mass, 
while the alcohol takes up a brown, uncrystallisable sugar. Tins mass 
recovers its former appearance, when cold water is poured upon it, and 
forms with boiling water, a gum which is difficult to ffiter, is not coloured 
by iodine, docs not reduce potassio-cupric tartrate or precipitate basic 
acetate of lead, and yields oxalic acid with nitric acid. This gum con- 
tains 1*37 p. c. ash, and after deduction of this ash, it contains, on the 
average, 43*56 p. c. 0., 6*47 PL, and 49*97 0., the lead-compound con- 
tains55'80 p. c. PbO,, 10*31 0., 2*70 H., and 22*100. (Tilloy&: Maclagan.) 

When yeast is well washed with cold water, then boiled with water, 
and pt. sugar dissolved in the filtrate, the liquid, after a few days, 
becomes tiubid and tenacious, lOve decoction of linseed. At the same 
time, a mixture of carbonic acid and carbonic oxide in varying propor- 
tions is evolved. This fermentation lasts about 12 days, for a shorter 
time between 20° and 25° ; it takes place also out of contact with air, 
and is excited even by yeast which has been boiled out with water. 
(Desfosscs, J. Pharni, 15, 602 ; N, Trs, 21, 1, 159 ; Schw. 58, 98.) Under 
similar circumstances, lactous fermentation may likewise take place 
(comp. p. 277, 278). — On Mucous Fermentation, see also Vauquelin {Ann. Chim. 
Pki/s. 20, 93). 

Water boiled with glutin produces in cane-sugar solution the same 
change as decoction of yeast. In contact with sugar- solution for 
24 hours at 25°, it gives off a smaller quantity of gas than the^decoction 
of yeast, and renders the liquid gummy. The gaseous mixture con- 
tains hydrogen in larger proportion to the carbonic acid than that which 
is evolved by decoction of yeast. After the completion of the mucous 
fermentation, the liquid is still veiy sweet, but so thick that it runs 
out in threads when the vessel is inverted; when evaporated, it leaves 
a non-crystallisable residue, and on treating' this with alcohol, a 
sacchariferons gum remains xmdissolved. If the remainder of the 
sugar be extracted from the gum by fermentation with yeast, there 
are obtained, for every 100 pts. of sugar decomposed by the mucous 
fermentation, 109*48 pts. of a pale yellow insipid gum, which yields 
scarcely any mucic acid when treated with nitric acid, is less soluble 
in water than gum-arabic, and yields a thicker mucilage than the 
latter. (Desfosses.) 

In the preparation of lactic acid by Bensclfs process (xi. 475), there 
is obtained, together with mannite, a considerable quantity of a gum. 
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which, whea the fermentation is complete, and the lactate of lime has 
been removed, may he obtained in a state of purity from the mother- 
liquor. This liquid is precipitated with sulphuric acid ; the gypsum is 
removed ; the filtrate is mixed with alcohol ; and the precipitate is 
purified by repeated solution in wmter containing hydrochloric acid, 
and precipitation with alcohol. — It contains 43‘61 p. c. carbon, 6’25 
hydrogen, and 50*14 oxygen, turns the plane of polarisation to the 
right, reacts like arable acid (p. 204) with cupric sulphate in alkaline 
solution, but does not yield mucic acid with nitric acid. (Briining 
Ann, Plmrm, 104. 197.) 

Cornhinations . — With Water . — Cane sugar dissolves in i of its weight 
of water at mean temperatures, and in all proportions in boiling water. 
From a solution containing 5 pts. sngar to 1 pt. water, f of the sugar 
crystallises on cooling*. (Henry, J. Pharin. 27, 8.) When 20 gnus, of 
caue-sngar are dissolved in 100 cub. centims. of water, the temperature 
falls half a degree. (Dubrunfaut, Comjit. rend. 23, 42.) When 0*5G 
kilog. cane-sugar is dissolved in 1*1 litre of water at 16*02°, the tem- 
perature falls to 15*5°. (Pohl, J. Chem. 82, 154.) A concentrated 
solution, or syrup, of sugar is viscid, glutmous and ropy. On the expan- 
sion of sugar-solutions wlien heated, see Gerlach {Kop2)*s Jahresher. 1859, 48 j. — The 
specific gravity of cane-sugar solutions of definite percentage has been determined by 
Brandes & Reich {Br. Arc7i. 22, 70); Niemann (Ann. Pharm, 2, 341), Payeu 
(Btimm' Traiti de Chimie appliquie, 6, 256; Gerhardt’s TraiU, 2, 516); Brix 
(DingL 136, 214); Bdlling (Gdhrunffschemie, Prag 1845, 1, 117, and Suppl. 81), and 
Steinheil (Gehaltsprobe fur Biere, Munchen, 1847). The most important of these 
tables, calculated by Pohl, are given in Wien. Akad. Be)', 11, ^^2 Handworterbiich 
der Chemie 7, 4. 


Percentage of Cane-sugar in Aqueous Solutions of different densities. 


(Extracted from the Tables of Balling and Brix). 


Cane-sugar 

Sp. gr. 

Cane-sugar 

Sp. gr. 

per cent. 

at 17’b\ 

per cent. 

at 17*5°. 

1 

1*0040 

50 

1*2165 

5 

1*0200 

55 

1*2610 

10 

1^0404 

GO 

1*2900 

15 

1*0614 

65 

1*3190 

20 

1*0832 

70 

1*3507 

25 

1*1059 

75 

1*3824 

30 

1*1295 

80 

1*4159 

35 

1*1540 

85 

1*4499 

40 

1*1794 

90 

1*4849 

45 

1*2057 

95 

1*5200 



99 

1*6504 


When a solution of cane-sugar saturated at common temperatures 
is mixed with an equal volume of oil of vitriol, a stormy reaction sets 
in, heat is evolved, and the liquid froths up, giving off choking vapours 
of formic acid. Left to itself, it soon solidmes to a black humus-like 
mass, which, when mixed with 10 or 20 times its volume of water, gives 
a very strongly fluorescent liquid ; the fluorescence is not destroyed 
by boiling, but immediately by neutralisation with bases. The solution 
contains an acid whose baiyta-salt dries to a resinous mass (Simler, 
Chem, Centr, 1862, 378). 
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With Bases. — Bucrate of Ammonia. — 20 parts of piilyerised sugar 
gradually absorb 1 pt. of ammonia-gas and form a dense tenacious 
mass, wbicb smells of ammonia and gives it off on exposure to tlie air. 
(Berzelius.) 

Sucra.te of Potash. — An alcoholic solution of cane-sugar is precipi- 
tated with strong potash-ley; the semifluid precipitate is triturated 
with fresh alcohol, which renders it compact, and dried in vacuo, or in 
air free from carbonic acid. (Soubeiran.) White, friable translucent 
mass, shining on the fractured surface, melting at 100'' to a viscid 
liquid, and having an alkaline, not sweet taste. (Brendecke.) According 
to Brendecke, it contains 12*6 p. c. potash, and consists of C^H’W“,KO 
(C-^H-^O-hKO = 12‘41 p. c. KO). Soubeiran sjives tlie same formula ; Dubrunfaut 
rew£?. 32, 498) gives It tuiTis brown when heated 

to 110°, and swells up strongly when heated. It is completely decom- 
posed by a stream of carbonic acid, partially by air containing carbonic 
acid. — When its aqueous solution is exposed to the electric current, 
it gives off hydrogen at the negative pole, while an aqueous solution of 
carbonate of potash is formed at the positive pole. (Becquerel, Ann. 
Ghm. Phys. 47, 5.) — It is not decomposed by aqueous boracic acid at 
mean temperatures. (Michaelis.) It is insoluble in pure alcohol, but 
dissolves in alcobol containing sugar. (Brendecke.) — A solution 
of cane-sugar loses 13 per cent, of its rotatory power on addition of 
1 at. potash, but no more '^vhen a larger quantity of potash is added ; 
hence there is probably but one definite compound of cane-sugar and 
potash. (Dubnmfaiit, see also Michaelis, J". 67i(sw. 56, 411.) 

Bucrate of Soda. — Obtained like tho potash-compound, and ex- 
hibits similar reactions. (Brendecke, Becquerel, Dubrimfaut.) Con- 
tains 7‘B8 p. c. soda (Soubeiran), 8*2 p. c. (Brendecke). According 
to Soubeiran, it is G"®°0%Na0. (C^Hi-^O-hNaO = 8*52 p. c. NaO.) 

Compound of Ctme-siigar %oith Chloride of Sodium.— On mixing the 
solutions of 1 pt. common salt and 4 pts. sugar, and leavmg the liquid 
to evaporate, cane-sugar crystallises out first, and the mother-liquors, 
on further evaporation, yield this compound. — Small, sharp-edged 
crystals having a sweet and saline taste, deliquescing in the air. 
(Pcligot, Ann. Chim. Phys. 67, 113.) In combination with common 
salt, cane-sugar retains its rotatory power unaltered. (Biot, Compt 
rend. 15, 635.) 

Belongs to tho doubly oblique prismatic system, perhaps diclino- 
hedial. The colourless crystals with rough, imperfectly reflecting 
faces are formed (fig. 125, vrithout y and g) from the two perpen- 
dicular dodecaidal faces v and u whoso edges are tnmeated by ^the 
hexaidal faces (back and front), and x (right and left). The 8' sided 
prism thus formed is terminated above by a dihedral summit formed 
by the right dodecaidal face h and the left h. a; : = 103 °3T calc., = 
103'^ 41' obs. ; u : a? = 130° 15' calc., = 136° 17' obs. ; « : ^ = 147° 16' 
calc., = 147° 35' obs.; v : x ^ 116° 14'; = 140° 15'; h i x =. 

129° 4' obs. ; h : li above = 101° 52' calc., = 102° 26' obs. ; hiz^ 98° 2' 
calc., = 97° 55' obs. ; hiu — 187° 26' cala, = 137° 7' obs.; h : v 
behind = 73° 2' calc. ; A : .s' = 81° 58' obs. ; A : = 62° 34'; h i o 
= 106° 35' calc. (Weiss, Wien. Ahead. JBer. 37, 376.) 
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24 C 

144 

.. 36*7 .... 

Peligot, 

36*8 

21 H 

21 

6*3 .... 

5*7 

21 O 

168 

.. 43*1 

42*8 

NaCl 

58-5 .. 

.. 14*9 

14*7 


C24H2i02i.NaCl 391-5 .... 100-0 100*0 

So, according to PeJigot. Graham splits the foi*mula into 
NaCl. According to Gerhardfc 2, 534), it is C"-^H^^O^,NaCl j according to 

Blondeau de Carolles, C--iH20O"0,NaCl,3HO. 

Canesu^ar with Borax . — Aqueous borax dissolves more cane-sugar 
tlian pure water. Wlieii a solution of cane-sugar saturated with borax 
is evaporated, borax crystallises out ; and weak alcohol added to 
the mother-liquor, throws down a glutinous liquid, which, after repeated 
solution in a small quantity of water and px-eciptation with alcohol, 
contains 3 at. cane-sugar to 1 at. borax. TJie same compound, 
NaO, 2 BO*, 5HO-}-30^^IP^O^^’ is obtained by dissolving the constituents 
in water and evaporating. (Sttirenherg, BT. Br. Arch. 18, 27.) 

Bucrate of Baryta. — Mono-acid. — Obtained by the action of hydrate 
of baryta or monosulphide of barium on solution of cane-sugar, in the 
latter case with formation of sulphydrate of barium — or by the action 
of sulphide of barium on sucrate of soda, with formation of sulphydrate 
of sodium (Dubi-unfaut, Compt rend. 32, 498). — Baryta-water is 
heated to boiling with cane-sugar, the solution left to crystallise, and 
the crystals dried out of contact with the air (Brendecke, Peligot). 
The solution of 1 pt. baryta in 3 pts. water solidifies, when mixed with 
a 50 per cent, solution of cane-sugar, to a crystalline pulp, which does 
not redissolve when heated (Peligot). — Small nacreous crystals 
(Brendecke), resembling boracic acid, of caustic taste and alkaline re- 
action (Peligot). — The rotatory power of cane-sugar is not altered by 
baryta-water (Dubrmifaut), 

The compound, after drying in vacuo, does not give off any water 
at 200°. (Peligot.) It is decomposed by carbonic acid, with separa- 
tion of anhych'ous carbonate of baryta (Pelouze. Ann. Chim. Pkys. 4-8, 
307). — It dissolves in 47*0 pts. of water at 15° ; in 43-5 pts. water at 
100° (Peligot, Ann. Chim. Phys. 54, 379). Iiusolublo in wood- 
spirit and in alcohol. 


24 C 

22 H 

22 0 

2BaO 

22 

17S 

153 

.... 29*1 ... 

.... 4*5 ... 

.... 35*6 ... 

.... 30 8 ... 

Peligot, 

28*2 

4*5 

36*4 

30*9 

Stein. 

36*1 ... 

........ 31*0 ... 

Soubeiran. 

29*05 

4*50 

35-52 

30-93 

C-^H^03‘-,2Ba0 

495 

.... 100*0 ... 

100*0 

100*0 ... 

100-00 

So, according to Peligot, Pelouze, and Soubeiran. 
30, 82 ; Peligot N. J. Fharm, 2, 103). 

Compare Stein {Ann. Pharm. 


BiackB) — Prom the solution of cane-sugar in saturated baryta- 
water, alcohol throws down a precipitate containing 18*5 p. c. baryta. 
(Brendecke.) This precipitate contains cane-sugar in a state of 
mixture (Soubeiran). ^ 

Bucrate of Btrontia. — The solution of equal quantities of sugar and 
strontia is pale yellow, has a caustic taste, and on cooling yields 
crystals which effloresce in the air from absorption of carbonic acid 
(Ramsey, Bclm. 35, 488). Cane-sugar in combination with strontia 
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retains its rotatory power unaltered (Biibrunfaut). ^ — Carbonic acid 
separates from the solution anhydrous carbonate of strontia (Pelouze). 

Sucrate of Lime. — Lime dissolves in sugar- water (with evolution 
of heat, according to Peligot) in much larger quantity than in pure 
water (Lowitz). The quantity of lime which an aqueous sugar- 
solution is capable of taking up depends upon its density (Peligot, 
Berthelot) and temperature (Dubrunfaut). 

100 pts. cane-sugar dissolved in water dissolve 55*6 pts. lime 
(Osann), 50 (Lre), 49*6 (Daniell), 29 to 30*6 (Hunton), 23 pts. forming 
f-sucrate of lime (Soubeiran). The sugar-solution at 100° takes up 
^ at. lime to 1 at. sug-ar ; at 0°, if it contains not less than 25 p. c. 
sugar, it takes up 2 at. lime to 1 at. sugar. (Dubrunfaut.) On the 
solubility of lime in sugar- solutions, Peligot formerly founded a mode of estimation of 
sugar (Compt. rend. 22, 936). 

When a solution of sugar is agitated with excess of lime, complete 
saturation takes place but slowly, after repeated agitation, and only 
when the quantity of lime present is at least twice as great as that 
which the solution can take up. Solutions containing more than 30 
p. c. sugar become gummy aud then solidify ; those which exhibit a 
density of 35° Bm. immediately form a sparingly soluble compound, 
not separable from the excess of lime. With somewhat more dilute 
solutions, monosucrate of lime is always formed, but this compound is 
capable of taking up an additional quantity of lime greater in propor- 
tion to the concentration of the solution. Sugar-solutions of 40 per 
cent, take up 26*57 pts. lime to 100 pts. sugar; solutions of 20 per 
cent, only 23*15 pts. and solutions of 5 per cent, only 18*06 pts., 
therefore more than 1*5 at. lime (exactly 1*62 at.) to 1 at. sugar, the 
monobasic sucrate of lime formed in the first instance being partially 
converted into bibasic sucrate. (Peligot.) Soubeiran supposes 
the solutions to contain -l-sucrate, Berthelot f-sucrate of lime 
(3C'^H^^O'',40aO). 

More dilute sugar-solutions containing not more than 2*4 p. c. 
sugar, dissolve less lime ; moreover they dissolve a constant quantity 
wliicli (after deducting the lime which the water itself dissolves) 
amounts to 12*6 pts. lime for 100 pts. sugar, corresponding apparently 
to theformulse 30^^II^^O“,4CaO, requiring 10*91 p. c. lime. (Berthelot.) 
See Peligot's Table of the solubility of lime in sugar- water {Compt. rend. 32, 335 ; AT. 
Ann. Chim.Phy$. 54, 383); BertheloPs Table (i^- Ann. CMm. Phys. 46, 176). 

The aqueous solution of sucrate of lime tastes bitter and alkaline 
but scarcely sweet. Its rotatory power is less than that of the sugar 
contained in it by 13 p. c. if 1 at. lime, by 26 p. c. if 2 at. lime have 
been added to 1 at- sugar (Dubi-unfaut). On neutralising the solution 
with an acid, it recovers its rotatory power, even if it has previously 
been heated to 117*5°, but not if it has been heated to 119°. The 
presence of ferric oxide in the solution has no influence on these 
results. (Michaelis, J. pr. Cli&m. 56, 422). — The solution solidifies 
to a thick paste when heated, a large quantity of lime separating 
in combination with a small quantity of sugar (terbasic sucrate 
according to Peligot), and becomes clear again on cooling (Osann, 
Glib. 69, 292 ; Kastn. Arch. 3, 204). Part of the lime then remains 
dissolved, together with the greater part of the sugar (Osann), but the 
quantity of the latter retained in solution depends on the pro- 
portion of lime and sugar originally present, amounting to f of the 
original quantity, if the heated solution contained the monosucrate, and 
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to liaE the original quantity if it contained the sesquibasic sucrate, 
(Peligot.) Dilute solutions of sucrate of lime become turbid at 80"’, 
concentrated solutions at 100° ; in liiglily concentrated solutions no 
precipitate is formed (Dubriinfaut). — When solutions containing ^ at. 
lime to 2 at. sugar are boiled continuously, no decomposition of the 
sugar takes place, not even such as would result from the boiling of 
its aqueous solution. (Dubriinfaut.) — When a cold-prepared solution 
of sucrate of lime has been decomposed by carbonic acid, no altered 
sugar can be detected in it by solution of copper ; even if it lias been 
boiled over the open fire for two hours, or till the boiling point has 
risen to 120° and the mass thickens and begins to char, the unburnt 
portion when treated with carbonic acid, still yields unaltered siigar- 
(Hochstetter J. Chem. 29, 2G.) The decomposition of sugar-solu- 
tions by boiling is retarded by the addition of chalk or of a small 
quantity of sucrate of lime, and does not take place at all in the boiling 
of satm’ated solutions of sucrate of lime. If however inverse sugar 
has been previously formed, this sugar is quickly decomposed by 
boiling (Soubeiran). — When solutions of sucrate of lime are evapo- 
rated there remains a colourless or pale yellow, translucent, viscid 
mass, which becomes friable when quite dry. 

The solution of sucrate of lime, which remams unaltered if kept 
from contact with the air (p 261), deposits ciy stale of peuta-hydrated 
carbonate of lime when exposed to the action of carbonic acid (or to 
the electric current, according to Becquerel, Ann. Chim. Phj/s. 47, 1), 
without (in the first case) any alteration of the sugar. (Pelonze, 
Brendecke.) Solutions of sucrate of lime become turbid on exposure 
to the air, only when they are dilute. (Kuhlmann, Dubriinfaut.) 
Prom the alcoholic solution, air containing carbonic acid throws down 
anhydrous carbonate of lime. (Brendecke.) — When carbonic acid is 
passed into a solution of monosucrate of lime, the liquid does not become 
tm'bid tin the first third of the lime has been converted into carbonate ; 
if the stream of carbonic acid be still kept np, the liquid solidifies to a 
jelly, the second third of the lime being then converted into carbonate, 
while the last third remains in solution as sucrate of lime, together 
with traces of carbonate, (Dubrunfant.) According to Brendecke, the 
whole of the lime may be precipitated as carbonate. Lowitz {CrelL Ann, 1792, 
1,346). Daniell {Ann. Chim. Phys. 10, 221'. Ramsey {Sekw, 35, iSb. —Bibi. 
mdih July, 1808). Franz Meyer (UeperL 7, 256). Brendecke {N, Br. Arch. 29, 
75), Soubeiran {N. J. Phami. 1, 469 1 J.p7\ Chem. 26, 498 ; Ann. Phavm. 43, 223), 
Bubrunfaut {Compt rend 32, 498). Peligot C/ilm, Phys. 07, 113 ; Berz, 

Jahresber. 19, 447), &e. 

a. Terlmk Sucrate of Lime. — Separates on heating the a(in(}ous 
solution of monosucrate of lime, or on heating a sugar-solution agitated 
with excess of hydrate of lime and filtered, as an opaque mass resem- 
bling’ coagulated white of egg, and is obtained by filtei'ing the solution 
at the boiling heat, wasliing with hot water and drying at 110° in air 
free from carbonic acid. — It dissolves in more than 100 pts. of cold 
water, the solution when heated depositing half the quantity dissolved. 
It dissolves readily in sugar- water. (Peligot, F. Ami. Ohm. Phys. 
. 54 , m.) 

Daniel]. Peligot. 

171 .... 67*06 

3 CaO 84 .... 32*94 


C^2Hno‘b3CaO 


255 100*00 


33*52 


32*90 
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k Bihasic. — Syrup of cane-sugar is digested with excess of 
hydrate of lime, the i^trate is precipitated wdth alcohol, and the pre- 
cipitate is washed with alcohol and dried at 100°. (Hunton, Phil. Mag. 
[3], 11, 152; /. pr. Chem. 11, 409; Bei^z. Jaliresber. 18, 321.) 


Hunton. 

171 .... 69-79 

2CaO 56 .... 22-86 .... 22-65 

2HO 18 .... 7-35 


Ci2HiiO^S2(CaO,HO) 245 .... 100*00 

c. Sesquihasic. ? — This compound is always formed when a solution 
of sugar is boiled or set aside at common temperatm-es, with excess of 
lime, and is obtained as a white amorphous gum by evaporating the 
filtrate out of contact with carbonic acid. (Soubehan.) Brenclecko 
moistens a mixture of equal parts of quicklime and cane-sugar with 
J pt. water, dissolves the resinous mass, which forms with rise of 
temperature, in cold water, and precipitates with alcohol, which thi-ows 
down curdy flocks, or from concentrated solutions, tenacious clots. 
These are washed with alcohol and dried over oil of vitriol. Sou- 
hehan uses 2 pts. of quicklime to 13 pts. of sugar. 

Transparent, brittle resin, or granular, white, friable mass. Has a 
calcareous taste (Brendecke), nauseous (Soubeiran), and an alkaline 
reaction. — When very dry, it deflagrates quickly like gunpowder, on 
being heated. (Brendecke.) — It dissolves readily in cold water, sepa- 
rathig out when heated (doubtless as terbasic sucrate). It is insolu- 
ble in strong and in weak alcohol (Brendecke), but dissolves in an 
alcoholic solution of sug'ar. (Soubeiran.) 


24 C 

al 

.... 144 ... 

. 33-80 .. 

Soubeiran. 

mean. 

33-47 

Brendecke. 

22 H 

22 ... 

.. 5-16 .. 

...... 5*16 


22 O 

.... 176* ... 

. 41-32 .. 

41-27 


3CaO 

..... 84 ... 

, 19-72 .. 

20-10 .. 

18-5; 

2Ci2HnO“,3CaO 

.... 426 ... 

.. 100-00 .. 

100-00 



So, according to Soubohan ; according to Peligot, it is a mixture of bi- and mono- 
basic sucrates of lime. 

d. Monohasic. — 1. Solution of sugar is agitated wdth excess of 
hydrate of hme, filtered, and the filtrate is mixed with an additional 
([iiaiitity of sugar and precipitated with alcohol. — 2. A eonceiitrated 
solution of sugar is added by small portions to millc of lime till the 
whole of the lime is dissolved, and the solution is precipitated with 
alcohol of 85 per cent. (Brendecke.) Soubeiran uses in this case also 
2 pts. quicldirne to 13 pts, sugar. — White precipitate, becommg a 
brittle resin when dij. Deflagrates after diying, lilre thider. (Bren- 
decke.) — Dissolves easily, even after drymg, in cold water (Bren- 
decke), and the solution when heated deposits terbasic sucrate of lime, 
— two-thhds of the sugar then remaining in solution,— and becomes 
quite clear again on cooling : 

3(C»Hi^OkCaO) = 4- (Peligot). 

The precipitate disappears on adding cane-sugar, glucose, milk-sugar, or 
mannite to the hot liquid. (Brendecke.) Aqueous monobasic sucrate of 
lime is capable of taking up a larger quantity of lime, being thereby 
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converted into sesquibasic sucrate (Soubeiran), partially into bibasic 
sucrate. (Peligot.) vid. sap. 

Soubeiran. Peligot. Breiidecke. 


12C .... 
11 H.... 

no.... 

CaO 


72 

11 

8S 

28 


36'18 

5*52 

44*22 

14-08 


mean. 

30-38 

5-48 

43-74 

14-40 


.... 14‘00 14-3 


Ci2xiiion,CaO 199 .... 100*00 100-00 

The presence of sugar promotes the absorption of sulphuretted hydrogen by milk of 
lime and the formation of sulphpdrate of calcium (Dubrunfaut). 

Sucrate of lime dissolves carlonate of lime (Barreswil, Comft. rend. 
32, 469 ; J. pr. Chem. 53, 62 ; Dubrunfaut), only in traces. (Ilocb- 
stetter, J. pr. Chem. 29, 28.) Solution of sucrate of lime gives no pre- 
cipitate when mixed with chloride of calcium and carbonate of soda, 
but on adding a small quantity of sal-ammoniac the precipitate 
forms immediately. (Barreswil.) — Aqueous sucrate of lime dissolves 
terhasic phosphate of lime, either in the pulverised or recently precipi- 
tated state, the latter more abundantly. (Vasmer, N. Br. Arch. 24, 
144; Bobierre, Compt. rend. 32, 859; J. j??*. Chem. 53, 508.) — Accord- 
ing to Larrey (Qaz. medico di Milam, Nr. 10, 1844) teeth immersed 
in a sat-orated solution of sugar become soft and gelatinous ; but 
Marchand {J. pr. Chem. 40, 371) found teeth and bones unsoftened 
after lying in sugar- water for 14 days, the solution not containing a 
larger quantity of lime-salts than would have been dissolved by pure 
water. See also Heumann {Bepert. 92, 321). 

Bucroie of Magnesia. — The solution of magnesia in sugar-water is 
colourless and has a sweet taste; wheu kept in close vessels it deposits 
nearly all the magnesia in the course of a few months. 

Hydrate of Alumina is very slightly soluble in sugar-water 
(Ramsey). — Aqueous cane-sugar does not dissolve silicic acid either in 
the amorphous or in the crystalline state. (Petzholdt, J. yjr. Chem. 
60, 368.) — Cane-sugar prevents the precipitation of manganous salts 
by potash-ley, the solution depositing peroxide of manganese when 
exposed to the air. (Lassaigne.) An aqueous solution of sugar docs 
not dissolve sesquioxide of manganese (Peschier) or the peroxide. It 
does not dissolve paiyder of algaroth, and takes up only a small quantity 
of aniimonic acid. (Peschier.) It attacks metallic zinc when in 
contact with iron, but dissolves only inconsiderable quantities of ]jure 
zinc or tin (Gladstone, Chem. Boc. Qu. J. 7, 195). — Oxide of zinc docs 
not dissolve in sugar- water (Peschier). 

B'ucrate of Lead. — Lead is attacked by cane-sugar solution in three 
days ill warm weather, in a few hoius at the boiling heat (Gladstone, 
Chem. 'Boc. Qu. J. 7, 195 ; J. pr. Chem. 64, 192). — Litharge dissolves 
in sugar-solution only when very finely qiiilveriscd ; red lead more 
abundantly (Peschier, J. Pharm. 3, 510). Protoxide of lead forms with 
sugar an insoluble and a soluble -compoimd (Berzelius). The latter is 
perhaps to be regarded as a solution of sucrate of lead in sugar- water 
(Kr). When sugar solutions are agitated with excess of lead-oxide, 
the whole of the sug’ar is precipitated as bibasic sucrate of lead, in 
crystalline needles (Dubrunfaut, Comp)t. rend. 32, 498). 

Bibasic. — 1. When sugar-water is boiled with litharge and the 
filtrate is left to stand for 24 hours out of contact with the air, white 
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llocivs separate from it. (A. Yogel.) — 2. Lead-oxide is digested with 
solution of sugar in a closed vessel, as long as sugar is taken up by it 
(Berzelius, Mulder). — 3. Aqueous neutral acetate of lead is mixed 
with sugar-solution, ammonia is added, and the resulting gelatinous 
precipitate is dissolved in boiling water. The solution left to itself in a 
close vessel deposits nodules wliich may be diied in vacuo or over lime 
(Peligot). — 4. A solution of mono- or sesquibasic sucrate of lime is 
added to aqueous neutral acetate of lead, as long as the precipitate, 
which at first redissolvcs on agitation, continues to increase. 
(Soubeiran). — 5. Sesquibasic sucrate of lime is added to solution of 
neutral acetate of lead till the precipitate no longer disappears after 
forming, and the liquid is precipitated with alcohol (Soubeiran). 

Crystalline needles or nodules, or white tasteless powder. When 
heated, it burns like tinder and leaves globules of lead. Insoluble in 
water whether cold or boiling, easily soluble in acids and in solution of 
acetate of lead, — If precipitated from sugar-solutions by neutral 
acetate of lead and ammonia, it does not change colour when heated 
(Schmidt, Dissert, uber Traiibeimickerj Gotting. 1861). 


Peligot. Mulder. 

at 100°. at 100°. at 159°. 

12 C 72 .... 19-10 .... 19-1 .... 18-50 .... 19-14 

9 H 9 .... 2-38 .... 2-4 .... 2-69 .... 2-50 

9 O 72 .... 19-10 .... 19-2 .... 21-66 .... 19-17 

2 PbO 224 .... 59-42 .... 59-3 .... 57-15 .... 59-19 


Ci2H909,2PbO 877 .... 100-00 .... 100*0 .... 100-00 .... 100-00 


Contains 58*26 p. c. lead-oxide (Berzelius); when prepared according to 4 or 5j, it 
contains from 58*6 to 59’5 p. c. (Soubeiran). Berzelius first assigned to it the formula 
Qi-jj.poOio,2PbO ; Peligot that above given. As Peligot originally examined the com- 
pound dried at 170'’, Berzelius {Berz. JaTiresber. 19, 443; Compt. rend. 8, 528) sup- 
posed that it contained sugar already altered {caramel), whereupon Peligot showed 
{Compt, rend. 8, 530) that the compound, dried at 100°, likewise possesses the above 
constitution, and contains unaltered sugar which may be recovered. According to 
Mulder (Xpr. Chem. 19, 187), the compound dried at 100° contains C^-H“0^^2Pb0, 
and does not become anhydrous till heated to between 141° and 143°, giving off 2*25 
p. c. of its w^gbt, and becoming somewhat coloured. 

Oaue-sugar mixed with inverse sugar behaves when shaken up 
with oxide of lead, in the same manner as pm-e cane-sugar, a. When 
200 pts. of lead-oxide are mixed with 15 pts. cane-sugar and, as much 
water as is required to make up the mixture to 300 cub. cent., the 
lead-oxide, after two days* standing and agitation, takes up the whole 
of the sugar, so that the supernatant water contams no more of it. — 
h. If the same mixture contains inverse sugar instead of cane-sug-ar, 
the lead-oxide does not take up more than sugar, — c. If the 

cane-sugar in a is converted, to the amount of -gY or more, into 
inverse sugar, the unaltered portion is likewise not taken up by the 
lead-oxide, or at least not completely. — d. If the mixture contains 
both kinds of sugar and less lead-oxide than a, the inverse sugar is 
almost wholly taken up, the cane-sugar only in part. In 200 cc. of a 
solution containing 10*66 grms. of each of the two sugars, and left for 
14 days in contact with 100 grms, of lead-oxide, 0*14 grm. inverse 
sugar and 2*82 grms. cane-sugar still remained dissolved. The latter 
could not be crystallised after the removal of the lead, probably in 
' von. XT. tr 
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consequence of tlie admixture of glucic and apogducic acid (Buignet, 
N. An? 2 . Chilli. Phjs. 61, 233). 

Hydrated oxide of lead is dissolved by the sucratos of potash, soda, 
baryta and lime (Himton). 

Cane-sugar ivith Iron. — Ferrous oxide does not dissolve in sugar- 
water (Peschier), not even when recently precipitated (Gladstone). — 
Sugar- water has no action on fendc hydrate (Gladstone) ; it dissolves 
a small quantity of ferric oxide, procipitable by sulphide of ammonium, 
but not by ammonia, or by ferrocyanidc of potassium^ (Peschier) ; it 
reduces ferric oxide to a sligdit extent when boiled with it. (Kuhlmann, 
Cempt rend. 257.) — Pieces of iron, in contact with air, and with 
solution of sugar (especially if it contains salts) arc rapidly corroded, 
while the portions wholly immersed in the liquid remain unaltered. 
The red-brown solution formed after 18 months’ standing-, leaves, 
when evaporated over the water-bath, a tasteless, insoluble residue 
corresponding to the formula ; it is insoluble in alcohol, 

is precipitated by sulphide of ammonium, but not by the pure alkalis 
or theii* carbonates (Gladstone, Inst. 1854, 35 ; Lieb. Kopp. Jahresher. 
1853, 537. — Chem, Boo. Qu.J. 7, 195; Lieb. Kopp. Jahresher. 1854, 619). 

In a solution of sugar mixed with ferrous or ferric salts, potash- 
ley produces a precipitate which dissolves in excess of potash, forming 
a liquid which is either red-hrown at first, or (in the case of ferrous 
salts) becomes so by contact with an (Lassaigne, Eose). Aqueous 
solution of Bucrate of lime (potash, baryta, or strontia) dissolves 
sesquioxide of iron, converting it into protoxide. The residue left after 
evaporation and drying at 100°, contains 18 p. c. CaO, and 11*7 FeO, 
corresponding to the formula C^^H^^O“,2CaO,FeO,3HO (calc. I9*3 p. c. 
CaO 12-4 PeO). The solution left in contact with the air, soon deposits 
crj^stals of carbonate of lime and ferrous carbonate : it is precipitated 
by alkaline succinates and benzoates, but not by pure alkalis or by 
feiTOcyanide of potassium (Huntoix). 

Cane-sugar ivith Cupric OOTcfe.— (See page 263.) — Sugar-solution dis- 
solves perceptible qxiantities of copper when left in contact with it for 
some weeks in hot weather. (Gladstone.) — It docs not dissolve cupric 
hydrate, except in presence of alkalis or alkaline earths. Oupric car- 
bonate is abundantly dissolved by aqueous solution of sugar, th(^ 
resulting green solution being precipitated by forrocyanide of potas- 
sium and sulphide of ammonium, but not by alkaline carboxiates. 
(Peschier, J. Pharni. 3, 510 ; PepeH. 6, 85.)-;- A mixtm'e of the concen- 
trated solutions of cane-sugar and cupric sulphate, deposits, after 
standing for some time, a bluish white precipitate containing 1 at- 
sugar (therefore probably to 1 at. OuO,SO® and 4 at. water. 

This compound decomposes when its solution is heated with separation 
of cuprous oxide and metallic copper. When gradually heated alone, 
it gives off water and forms a Ixumous substance. (Barreswil, If. J. 
Phaim. 7, 29 ; J. pr. Chem. 35, 253.) 

Sucrate of potash, sucrate of baryta, and monosucrate of lime, do 
not of themselves dissolve cupric hydrate, but on adding more sugar 
the cupric hydrate dissolves immediately, forming a deep blue liquid. 
(Peligot.) Eecently precipitated .cupric hydrate dissolves abundantly 
in sugar-solutions mixed -with potash, soda or lime, sparingly in stich as 
contain baryta or strontia. (Becquer^l, Am. Ckim. Phgs. 47, 7.) ^ 
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When cupric hydrate in excess is mixed witli sugar-solution and a 
small quantity of potash, the filtrate, which has a fine blue colour, 
leaves, on evaporation in vacuo, a transparent turpentine-like mass, 
containing 7*73 p. c- CuO, 8*83 KO, and 83*44 sugar and water. 
(Lassaigne, J. Chim, med. 18, 820; Berz, Jahresl)&t\ 23, 280.) — Aqueous 
bihasic sucrate of lime dissolves cupric liydi*ate, forming a blue liquid, 
which, when evaporated in vacuo, leaves a crystalline mass, permanent 
in the air, and containing, after drying at 100°, 16*3 p. c. lime and 
22*3 CuO, therefore C^®ff^0^\20a0,2Cu0,3H0 (calc. 16*7 CaO and 23*9 
CuO). Its solution heated to 70°, deposits blue flocks which redissolve 
completely on cooling*. A similar effect takes place when the solution 
is boiled in an open, shallow vessel ; but it decomposes, with separa- 
tion of cuprous oxide, when heated once or twice in a test-tube, or 
after addition of sugar. (Hun ton, J. pr, Ckem. 11, 409.) 

Cane-sugar solution does not attack metallic mercury, or metallic 
silver. (Gladstone.) 

Cane-sugar dissolves in 80 pts. of boiling absolute alcohol^ and 
separates out again almost completely on coohng (Pfaff) ; it dissolves 
in 4 pts. boiling alcohol of sp. gr. about 0'88, the greater part sepa- 
rating on cooling (Wenzel); in still weaker alcohc»], sugar dissolves 
moi’e abundantly, but not to so large an amount as in water. — Cane- 
sugar is precipitated in the cr^^stalline form from its alcoholic solution 
by ether, (Dobereiner, Ann, Pharm 14, 249.) 

Aqueous cane-sugar dissolves nric acid,, which separates again on 
addition of hydrochloric acid. (Vasmer, N. JBr, Arch, 24, 144.) 


Appendix to Cane-sugar, 

1, Caramelane. 

or 


Gfinis. JSf, Ann. CJiim. Phys. 52, 360 ; abstr. Compt. rend. 45, 590 ; 

W. J, Pharm. 32, 424; Cke?n. Centr. 1858, 163; N, Br. Arch. 95, G8 ; 

Kop)ifs Jakresber. 1867, 497. 

See p. 248. The first product of the decomposition of cane-sugar by beat, and 
almost the sole constituent of the residue, if the loss does not exceed 10 per cent. The 
chief constituent of ordinary caramel. 

To prepare it, caramel is immersed in alcohol of 84 per cent., which 
dissolves caramelane, unaltered sugar, and traces of caramelene, leaving 
oaramalene and caramelin nndissolved ; the solution is evaporated ; the 
unaltered sugar is decomposed by fermentation with yeast ; the liqiiid 
is filtered and evaporated to dryness; the residue is treated with 
alcohol, which leaves caramelene undissolved ; and the solution is 
evaporated. 

Brown, inodorous, very bitter mass. Hard and brittle at mean 
temperature, semi-fluid at 100°. 
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at 120°. 


G^lis. 

12 C 

72 .. 

.. 47*06 ... 

46*41 

9H 

9 .. 

.. 5-88 ... 

6*53 

90 

72 .. 

.. 47*06 ... 

47*06 

C13H909 .... 

153 .. 

.. 100*00 ... 

100*00 


Caramelane heated to 190° gives off water and is converted into 
caramelene* — With nitric acid, it forms oxalic acid. — ^Froni an aqueous 
solution of cup7dc oxide and potash it throws down cuprous oxide, and 
from goldoiA silver salts, it tluows down the metals. — Not fermentable 
■with yeast. 

Deliquesces in moist air, and dissolves readily in loatei', with fine 
gold-yellow coloui’. — The aqueous solution does not precipitate 
'metallic salts. 

Bariim-conipound. — Precipitated by a solution of baryta in wood- 
spirit added in excess to alcoholic caramelane. Contains 52*40 p. c. 
baryta, corresponding to the formula C^®I-I®0®,2Ba0 (calc. 51 '5 6 p. c. 
BaO). 

Lead-compounds. — a. Bihasic . — Ammoniacal sugar of lead added 
in excess to alcoholic caramelane throws down a precipitate containing 
61 p. c. PbO, therefore C^^H®0®,2Pb0 (calc. 60*76 p. c. PbO). — 
b. Monohasic . — Separated from alcoholic caramelane by alcoholic sugar 
of lead, as a yellow precipitate, the liquid remaining coloured ; purified 
by washing with alcohol. 


12 C 

... 72 .. 

28-125 .... 

Gelis. 
28*81 

8 H 

... 8 .. 

.. 3-125 .... 

3*29 

8 0 

... 64 .. 

25-000 .... 

25*70 

PbO 

... 111-7 .. 

... 43*750 ... 

42-20 

C^^HSQspbO . 

... 255*7 .. 

.. 100*000 ... 

100-00 


Caramelane dissolves in weak alcohol, slightly in absolute alcohol, 
not at all in ether. 


2. Caramelene. 

Gelis. N. Ann. Chirti. Phys. 52, 365. 

Extracted by cold water from the residue insoluble in alcohol 
obtained in the preparation of caramelane from ordinary caramel The 
solution is evaporated or precipitated with alcohol, and the admixed 
caramelin, which remains after dissolving in water and filtering, is 
removed. — If the loss of weight of the cane-sugar by heating amounts 
to about 15 per cent, the residue is rich in caramelene. 

Properties. Bed-brown, hard, brittle mass, shining on the fractured 
surface. Permanent in the ah*. 
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Gdlis. 

36 C 

216 .. 

.. 48-98 ... 

48-37 

25 H 

25 .. 

.. 5*66 ... 

6-17 

25 0 

200 .. 

.. 45*36 ... 

45*46 

C36H25025 .. 

441 .. 

.. 100-00 ..., 

100-00 


According to Gelis, it is 3C^H^O® + HO. 

Witli nitric acid^ it forms oxalic acid. — It dissolves in dilute acich^ 
the solution depositing red-brown flocks slowly in the cold, quickly 
when heated. It reduces cupric oxide in alkaline solution, also nitrate 
of silver. 

Dissolves in water^ with deep red-brown colour. 

Barium-compound. — The solution of caramelene in aqueous alcohol 
is mixed with excess of baryta- water, or a mixture of aqueous cara- 
melene with baryta-water is precipitated by alcohol. 


36 C 

216-0 .. 

.. 42-46 .... 

Gelis. 
.... 41-01 

24 H 

24-0 .. 

4'76 ... 

.... 5-80 

24 0 

192-0 .. 

.. 37*76 .... 

.... 37-51 

BaO 

76-5 .. 

.. 15-02 .... 

15-68 


C36H24024^Ba0 508-5 .... 100*00 100-00 


Lead-compound. — On precipitating a : Caramelene mixed with 
excess of ammonia with sugar of load ; h : Aqueous caramelene with 
ammoniacal sugar of lead ; and c : A mixture of aqueous caramelene 
and ^ alcohol with excess of alcoholic sugar of lead, — precipitates are 
formed containing: a, 61*8; &, 52*5; and c, 20*8 p. c. lead-oxide, 
therefore 1 , 4, and 6 at. lead-oxide to 

Caramelene is easily soluble in aqueous alcohol^ sparingly in abso- 
lute alcohol, insoluble in ether. 


3. Caramelin. 


iT. Ann. Chim. PJiys. 52, 271. 

Bespecting Maumene’s Caramelin^ see page 262. — Contaiaed in caramel, especially 
when the loss of weight of the cane-sugar amounts to 25 per cent. — Caramel, after 
exhaustion with alcohol of 84 p. c. and with cold water successively, 
consists chiefly of caramelin. This substance may occur in three 
Afferent states, viz., as a-caramelin, soluble in water, as /3-caramelin, 
insoluble in water, but soluble in other solvents, and as 7 -caramelin 
insoluble in all solvents. — a. When the above-mentioned residue is 
boiled out with water, the /5-caramelin partly dissolves as a-caramehri, 
so that the solution deposits nothing on cooling, but yields with chlo- 
ride of barium a precipitate of the barium-compound of a-caramelin. — 
The solution when evaporated deposits black shining Aims of 
^-caramelin. When the above-mentioned residue is well boiled with 
aqueous alkalis, ^-caramelin dissolves, and may be precipitated in 
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brown flocks by acids. — Wlien /3-caramelm is lieated to 110®, or 
left in the moist state for several days, it is converted into ^-caramelin. 
(Gelis.) 

a-Oaramelin. — Known only in aqueous solution and in combination 
with baryta. 

Bammi-compoiind of a- Caramelin. — Precipitated from aqueous cara- 


melin by chloride of barium. 



Gelis. 




mean. 

96 C 

576*0 .. 

.. 52*23 .... 

51*20 

50 H 

50*0 .. 

.. 4*53 .... 

5*14 

50 0 

400*0 .. 

.. 36*29 .... 

36*28 

BaO 

76*5 .. 

.. 6*95 ... 

7*38 


1102*5 .... 100*00 100*00 


IB-Cctramelin, Preparation and Properties, see above. Infusible, difficultly 
combustible mass, which forms oxalic acid with nitric acid, throws 
down cuprous oxide from an alkaline solution of cujmc oxide, reduces 
the metals from gold and silver salts, and precipitates other metallic 
salts. Soluble in aqueous ammoma and in the fixed alkalis. Colours 
solutions 12 times stronger than caramelane. Soluble in aqueous, but 
msoluble in absolute alcohol. 

Barmn-compound. — Precipitated by chloride of barium from ammo- 
niacal jS-caramelin. — From alcoholic ^-caramelin chloride of l)arium 
throws down a precipitate having the composition of the baxium-com' 
pound of a-caramelin. 


96 C 

.... 576 

... 48*85 ... 

G^lis. 
48*35 

50 H 

50 . 

... 4*24 ... 

4*57 

50 0 

.... 400 . 

... 33*92 ... 

. .. 33*88 

2 BaO 

.... 153 . 

... 12*99 ... 

13*20 

C“H»0®,2BaO 

.... 1179 ., 

... 100*00 ..., 

100*00 


From aqueous /9-caramclm, aqueous sugar of lead throws down a 
precipitate containing 9*8 p. c. PbO, corresponding therefore to the 
formula C®WO^,PbO. 

7. Oaramelin. See page 293. Insoluble in all menstrua. Forms 
oxahe acid with nitric acid. 


G^Hs. 

mean. 

96 C 576 .... 55*65 .... 55*08 

51 H 51 .... 4*92 .... 5*06 

51 0 408 .... 39*43 .... 39*86 


COSH^iOSi 1035 100*00 .... 100*00 
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4. Nitrosaccliarose. 

ScHoNBEm. Fogg, 70, 100 ; abstr. Phcirm, Centr, 1847, 505. 

L, Thompson. J. Chim. med, 24, 433. — Pliarm. J, Trans, 8, 465 ; 

iV". J, Phcmn. 15, 103; J, Ckim, med, 25, 69. 

II. Reinsch, Ja!irh,pr, Pharm, 18, 102 ; Pliarm. Oentr, 1849, 506. 

A. A W. Knop. j, pr. Chein, 56, 334. 

Nitrozucker, Mirorokrzucker, Knallrohrzucker. 

Formation, By the action of fuming nitric acid (Sobrero, Compt, 
rend, 24, 247), of iiitrosulphuric acid (Schonbein, Eeiiiscli), on cane- 
sugar (p, 258). 

Preparation. 1. One pt. pulverised cane-sugar is added to a mix- 
ture of 2 pts. oil of vitriol and 1 pt. mono-hydrated nitric acid, in 
■which it at first remains suspended as a thin transparent pulp, then, if 
the liquid is continually stirred, cakes after a few minutes into a tena- 
cious lump. This is washed with cold water, and kneaded in warm 
wa-ter till it no longer reddens litmus. (Schonbein.) — 2. One pt. pul- 
verised cane-sugar is stirred up with a mixtui'e of IG pts. oil of vitriol 
and 6 pts. nitric acid of sp. gr. 1*5 cooled to 15° ; the pasty mass, 
which separates after a few seconds, is washed with cold water, dis- 
solved in alcohol, precipitated from the solution with excess of carbo- 
nate of potash, and purified by solution in ether and evaporation, 
(Thomson.) Thomson also uses 3 pts. oil of vitriol and 1 pt. nitric 
acid to 1 pt. sugar, allows the mixture to act upon the sugar for 
4 minutes, then washes it, and boils for a few minutes with strong 
potash-ley. — Reinsch leaves the sugar for four hours in the cooled 
mixture of 3 voL oil of vitriol and 2 voL nitric acid of sp. gr. 1*52. 
(under which circumstances however it may take fire; p. 258), washes and dries 
it without application of heat. 

Proj)ertks. White or transparent colourless resin, friable in the 
cold, but at mean temperatures, soft, glutinous, and capable of being 
drawn out into threads, having a silky lustre (Schonbein). Melts at 
about 30° (Reinsch). Inodorous. Tastes bitter. Neutral Contains 
about 27 p. c. carbon, and 3 p. c. hydrogen, and is therefore 
(Sobrero ; calculated 27*6 C. and 3*4 II). 

Decompositions. 1. Heated in an open vessel, it gives off aqueous 
vapour,' then froths up and gives off liypoiiitric acid vapour, takes fire 
suddenly, and burns away leaving but little residue (Schonbein), 
Reinsch’s nitrosacebarose explodes on red-hot platinum foil or under 
the hammer, deflagrates when touched with a glo-wing splinter, and, 
when heated in a porcelain crucible, melts, gives off red vapours and 
volatilises without explosion. — 2. Nitrosaccharose dissolves gi*adually 
in boiling wat^\ the solution turning brown when evaporated, and 
leaving a bitter residue which is soluble iu cold water, and when heated, 
first swells up and then detonates (Schonbein). — Nitrosaccharose kept 
under water in summer becomes soft, kneadable and glutinous, and after 
exposure to the air in the moist state, gives out when pressed, a liquid 
containing a considerable quantity of free nitric acid, without evolution 
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of nitrous vapours (Knop). — 3. When gently heated witli oil of 
vitriol, it dissolves, without colouring, , but with an odour of nitric 
acid ; fi'oni the bitter solution, wMch decolorises indigo, water separates 
nitric oxide gas, but does not form any j)rccipitate even on addition of 
potash. At a higher temperature, the solution of nitrosaccharose in 
oil of vitriol gives off red vapours (Schbiibcin). — 4. Nitric acid of 
sp. gr. 1*5 dissolves nitrosaccharose at 24° in all proportions, and the 
solution, which is precipitable by water, gives off hyponitric acid when 
heated, losing* at the same time its bitter taste, and being then no 
longer pi’ecipitable by water (Schonboin). — 5. When a solution of 
nitrosaccharose in ether-alcohol is boiled for several hours with an 
aqueous solution of hisulpliite of ammonia completely saturated with 
sulphurous acid, the nitrosaccharose is completely decomposed, yielding 
carbonic acid, water, nitrous acid, and probably ammonia (Knop). — 
6. Potash-ley does not attack nitrosaccharose in the cold, but dissolves 
it with brown-red colour at a moderate heat. The solution is nearly 
decolorised by acids, and leaves a detonating* x*esidue when evaporated. 
See also Thompson's method of preparing nitrosaccharose (p. 294). NitrosaccliarOSC 
heated with sticks of potash, froths up, blackens, and then takes fii*o 
(Schonbein). — 7. A mixture of the ether-alcoholic solution of nitro- 
saccharose with excess of ammoniacal cujorom chloride gives off a small 
quantity of gas when left to stand in sunshine, and decomposes when 
heated, like that with sulphite of ammonia above-mentioned (Knop). 

Nitrosaccharose is insoluble in cold wate7\ but melts to an oil in 
boiling water, and slowly dissolves. On cooling, the dissolved part 
separates out (Schonbein, Eeinsch). The solution gives the reactions 
of nitrites. (Schonhein). 

It dissolves freely in alcohol, ether, and fixed oils. The alcoholic 
solution, when left to evaporate (or cooled), deposits crystals, according 
to Eeinsch ; none, according to Yohl (A7in, Pkarm, 70, 360) ; a mass 
resembling turpentine, according to Schonbehi and Thompson. The 
ether-alcoholic solution in certain proportions forms two non-miscible 
liquids (Einop). 


Melitose. 

V or 


J. JoHXSTOX. Mmi. Chem. Boc, 1, 159; Phil Mag, /. 23, 14; J, pr, 
Chem. 29, 485. 

Bukthelot. N. Ami, Ohm, Phjs, 46, 66; ConvpL reiid, 41, 392; J. pr, 
Chem. 67, 230 ; Chem, Centr, 1855, 690. CMm, Orgaii, Paris, 1860, 
2, 260. 


First recognised as a distinct substance by Johnston ; further examined by Berthelot 
—Occurs in manna from Yan Bieman^s Land, where the manna falls in 
opaque drops from various species of Eucalyptus. 

Preparation. Crystallises by evaporation from the aqueous solu- 
tion of manna, and separates abundantly on cooling' from the hot 
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saturated alcoholic solution (Johnston). Berthelot puiifies the 
aqueous solution with animal charcoal. 

Fropertks. Hydrated melitose is obtained from the alcoholic solu- 
tion in beautiful white, small, but well developed, crystals (Johnston); 
from water in thin microscopic interlaced needles (Berthelot). Tastes 
rather sweet. Dextro-rotatory i)Ower \j£\j = 102° for = 88° 

for (Berthelot). At 100° it gives off 2 at. and at 130° 

another 1 at. water, emitting at the same time a peculiar odour, and, 
being converted into anhydrous melitose, a pale yellow mass resembling 
barley-sugar (Berthelot). Melitose, crystallised from alcohol 

melts when quickly heated from 94° to 100°, giving off 11'23 p. c. 
= 5 at. water (by calculation 11*36 p. c.) ; when slowly heated to 
82° it yields in three hours 15*88 p. c. = 7 at. water (b}^ calculation 
15*9 p. c.), without melting. Melitose fused at 100° scarcely decreases 
in weight at this temperature, and does not give up its 7 at. water 
completely till it is heated to 115° — 121°, turning brown at the same 
time, from incipient decomposition, before the whole of the water is 
given off. If the 7 at. water are given off at a temperature not 
exceeding 93°, the anhydrous melitose remains in the form of a dry 
powder wdiich begins to melt at 138°, and may be kept for several 
hours at 149° without turning brown or giving off water. It then 
absorbs moisture greedily from the air, and is converted into a syrup 
which gradually hardens to a colourless crystalline mass of the same 
weight as the crystallised melitose (Johnston). 



at 100* 


Berthelot. 

24 C 

144 .. 

.. 40-00 . 

39-6 

22 H 

22 .. 

.. 6*11 .. 

....... 6-2 

22 0 

176 .. 

.. 48*89 .. 

50*6 

2 HO 

18 

.. 5-00 

3*6 

C*iH230‘",2H0 .. 

360 .. 

.. 100*00 .. 

...... 100-0 


According to Johnston, dried melitose Vid. sup. 

Decomimitiom, 1. When strongly heated, it emits an odour of caramel 
becomes carbonised, and buims away without residue. (Berthelot.) 

% When cautiously heated with moderately dilute nitric acid, it 
hrst forms a syrup, then a small quantity of mucic acid, and a larger 
quantity of oxalic acid. — 3. Fuming hydrochloric acid at 100°, converts 
melitose in two hours into a black insoluble mass. — 4. Melitose heated 
with dilute sulphuric acid, is resolved into equal parts of fermentable 
sugar and non~fermentable encahn : 

C24H22023 + 2H0 = 

its rotatory power diminishing at the same time to about f of the 
original amount (Berthelot). The sugar is nncrystallisable, and behaves 
with alkalis, copper-solution, and in respect of its rotatory power, like 
grape-sugar. (Berthelot). — 5. Melitose ferments with yeast, yielding 
about half as much alcohol and carbonic acid (22*2 p. c.) as grape-sugar, 
together with non-fermehtable eucalin : 

+ 2HO - 4C02 + 2C^H®02 + (Berthelot). 

Melitose is not altered by boiling with aqueous alkalis, by heating to 
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100° witli hydrate of laryta and a small quantity of water, or by 
boiling* with (Bcrthelot.) 

Melitose dissolves in water to about the same amount as inaunito. 
The concentrated solution is not precipitated by alcohol. It forms a 
■ brownish precipitate with haryta-watet'^ white with mmnoniacal sugar of 
lead. (Johnston.) When melitose moistened with water is heated to 149 ° 
with oxide of lead, it gives off only 2 at. more water than when heated 
by itself, and is not further decomposed. The mass absorbs water 
greedily on cooling. When boiled with water, it yields a filtrate 
containing melitose, but no lead. (Johnston.) — It dissolves in boiling 
alcohol more abundantly than mannitc. 


Ajypendix to Melitose, 

Eucalin. 


Berthelot. W. Ann, Chim. Phjs, 46, 72; Chim. organ, Paris 1860, 
% 250. 

Formation. See 297. The liquid which remains after the com- 
plete fermentation of melitose is mixed with 4 or 5 vol. alcohol, and 
the filtrate is evaporated. 

Shghtly sweet syrup which retains 2 at. water in vacuo, and gives 
it up at 100°. Dextro-rotatoiy j)ower about \ji\j = 63°. 



at lOO’’. 


Berthelot. 

12 C 

72 ., 

40-00 

39-5 

12 H 

12 .. 

.. 6-67 „ 

6-5 

12 0 

96 .. 

.. 53-33 .. 

54-0 

C12PI12012 .. 

180 .. 

.. 100-00 .. 

100-0 


Becomes coloined at 100°, and changes at 200° to a black insoluble 
mass. — AYith nitric acid it forms oxalic acid. — By oil of vitriol or 
fuming nitric acid at 100°, it is converted into burnous substance.— 
stilphmc acid does not form any fcnnentablc substance from oncalin. — 
Eiicalin becomes coloured when heated with baryta , — It does not 
reduce ']}otaBm-cu]prio tartrate. It is not fermentable. 


Melezitose. 

OWjjnQii 


Bonastre. J, Pharni. 19, 443 and 626 ; abstr. Ann. Pharm, 10, 337. 
Berthelot. W. Ann. Chim. Pkys. 46, 86. — Compt. rend. 47, 224 ; 
J. pr. Chem. 76, 188; An?i, Pha?mi, 108, 120; Chem. Centr. 1858, 
673 ; P^. Ohm. pure, 1, 42 and 389. In detail JSf, Ann. Chm. 
Phjs. 55, 282; abstr. Kopp's Jahresber. 1858, 488. — Chim. organ. 
2, 266. 
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Discovered in tlie manna of Brian 9 onj and recognised as a peculiar 
substance by Bonastre ; investigated by Bertbelot. — Tlie manna of 
Brian^on forms on young iarcbes {Finns Larix), also and more abun- 
dantly on the young twigs of old trees in hot dry summers. (Chancel, 
P/iarm. 8, 355.) Respecting other ejsudates from various species of Pinm, see 
Mannite. 

The extract of Brian^on manna prepared 'ivith boiling alcohol de- 
posits melezitose after being evaporated to a syimp, and left to stand 
for several weeks ; the product may be purified by recrystalhsation 
from boiling alcohol. (Berthelot.) 

Properties, Very small, short, hard, shining crystals, resembhng 
those of cane-sugar iinder the microscope, white and mealy when seen 
in mass ; effloresces readily when exposed to the air, and gives off 
4 p. c. of water when heated. Melts below 140° without further 
alteration, and solidifies to a glass on cooling. About as sweet as 
glucose. Dextro-rotatory power [a] J = 94T° for (Berthelot.) 

a^llO®. Berthelot. 

12 C 72 .... 42*10 42'2 

11 H 11 .... 6*43 6*6 

11 O 88 .... 51*47 51*2 

171 .... 100*00 100-00 

Decompositions. Decomposed at about 200°. — Carbonises with cold oil 
of vitiiol, quickly turns hrowii with boiling hjdrochlonc acid^ and forms 
oxalic acid with nitric acid.^Bj an hour’s boiling with dilute sulphuric 
acid., it is converted into glucose, more rapidly therefore than trehalose, 
but ill longer time than is required for the inversion of cane-sugar. —In 
contact with yeasty it passes slowly or sometimes not at all, into vinous 
fermentation. It is not altered at 100° by aqueous alkalis^ and scarcely 
hj potassio -cupric tartrate. (Berthelot.) 

Melezitose dissolves readily in water, and is precipitated by ammo- 
niacal sugar of lead. (Berthelot.) — It is nearly insoluble in cold, slightly 
soluble in boiling alcohol, quite insoluble in ether. Absolute alcohol 
precipitates it from the aqueous solution. (Berthelot.) 


Trehalose. 

024^22022 or 

Berthelot. Compt. rend. 46, 1276; Inst. 1858, 213; J-pr. Chem. 74, 
291; Ann. Pliarm. 108, 118; Pep. Ohm. pure, 1, 389; Ghem. Cmtr. 
1858, 543. — Compt. rend. 47, 202; I. pr. Ghem. 77, 1 ; Ann. 
Pharm. 109, 34. The two Memoms in detail : JSf. Ann. Chim. Phys. 
55, 272 and 291 ; abstr. Kopy’s Jahresher. 1858, 486. — Ghim. 
organ. Paris 2, 263. 

Occurs in the Trehala manna of Syria. See Gmbourt (iv: /. Pharm. 34, 
81 ; Compt rend. 46, 1213) j Hanbury (fl. Mepert 8, 535). 
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Freparation, When pulverised trehala niamia is treated with boil- 
ing' alcohol, trehalose sometimes crystallises from the extract on 
cooling’, sometimes not till after dilution and several days’ repose. It 
is purified by washing with cold alcohol, boiling with small quantities 
of alcohol, and repeated crystallisation from boiling* alcohol with help 
of animal charcoal. 

Properties. Hard shining crystals,^ which grate between the teeth. 
They belong to the right prismatic system (Pig. 73). Ehombic prism 
?/, whose obtuse angle = 111“ 15' to 111^ 4G' ; bevelled above by the 
horizontal prism f. Inclination oi i:i above = 115“ 41' to 116° 11' 
(Berthelot). Not quite so sweet as cane-sugar. Air-dried trehalose 
heated to 97° loses 9*7 p. c. water, and at 160° neither gives off any 
more water nor melts- (calculation for = 9*5 p. c. HO). 

When rapidly he^ed to 100°, it melts to a colourless glass which 
solidifies like cane-sugar on cooling. Dextro-rotatory power, 
[cc] j = 220° for = 199° for CiHr'0^\2H0 : scarcely altered 

by heat, and nearly as great in the recently prei)ared solution as in 
one which has been kept for 24 hours. 


12 C 

13 H 

13 0 

CrystaU. 

72 ... 

13 ... 

104 .. 

.. 38*09 .. 
.. 6*88 .. 
.. 55*03 

Berthelot. 
...... 38*2 

6*6 

55*2 

Ci2Hnoih2HO . 

189 .. 

lOO'OO .. 

100*0 


Dried. 


Berthelot. 

12 C 

' 72 .. 

.. 42*10 .. 

41*9 

11 H 

11 .. 

.. 6*43 . 

6*6 

110 

88 .. 

.. 51*47 . 

51*5 

CiSHUon 

171 .. 

.. 100*00 . 

100*0 


Differs from Mitscherlich’s mycose (p. 301) only by its greater rotatory power 
(Berthelot). More recently {Chitn. organ. 2, 263), Berthelot regards the two bodies 
as identical. 

Decompositmis. 1. Only partially decomposed between 181“ and 
200° ; carbonises when heated above 200°, giving off water, gases and 
an odour of caramel. — 2. Heated in contact with the air, it hums 
with a reddish flame, 3. Heated with nitric acid, it yields oxalic, but 
no mucic acid. — 4. It is carbonised by heating with oil of vitrlolj more 
slowly with fuming hydrochloric acid, — 5, By boiling for several hours 
with dilute sulphuric acid, it is converted into; dextro-glucose, Tlio 
transformation takes place much more slowly than the inversion of 
cane-sugar by acids ; if the boiling be continued after it is complete 
(after 5 hours) the liquid becomes coloured. — 6. Trehalose heated 
with acetic, butyric, or benzoic acid, forms, under the same circumstances 
as dextro-glucose, saccharides, which are uudistinguishablo from those 
formed by dextro-glucose itself. — 7. In contact with yemt, it slowly 
and partially undergoes vinous fermentation. It is not altered at 100° 
by potash-ley, baryta- water or potassio-cnpric tartrate. 

' Trehalose is very soluble in water, and crystallises from the 
aqueous solution evaporated to a syimp only after standing for some 
time. From the concentrated solution it is precipitated by ammoniacal 
sugar of lead. It is nearly insoluble in cold alcohol, but dissolves 
easily in hoilmg alcohol ; insoluble m ether. 
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SOI 


Mycose. 

or 


WiGGERS (18S3). A7in, Phami, 1, 129 ; Schw. 64, 170. 

Mitscherlich. JBerl AJcad. Ber. 1857, 469 ; /. pr, Chem, 73, 65 ; 

abstr. Ann. JPharm. 106, 15 ; Chem. Centr. 1858, 93 ; Af. Ann. Cliini. 

Flips. 53, 232 ; Chem. Gaz. 1858, 123 ; N. Cimento, 7, 272 ; Kopfs 

JaJiresher. 1857, 501. 

Ergot- sugar f Mutterkomzuclcer. — ^Discovered by Wiggers, investigated by Mitscber- 
Hch. Liebig &: Pelouze {Ann. Pharm. 19, 285') regarded mycose as identical with 
jnannite. — It is perhaps identical with Berthelot’s trehalose (p. 299). The jnushraom- 
sugar {Sucre des Champignons, Schwammzucker), discovered by Braconnot, which, 
according to him, is found in Agaricus piperatus md A. 'oolvacmSi Boletus juglandis, 
Peziza nigra ^ Merulius CantharelluSs Phallus impudicus, and abundantly in Hydnum 
repandum and H. hyhridum, is fermentable, crystallises easily in four-sided prisms, and 
is less sweet than cane-sugar. It has generally been regarded as mannite, since Liebig 
& Pelouze {Ann. Pharm. 19, 288), Knop & Schnedermann {Ann. Pharm. 49, 243), and 
BoUey {Ann. Pharm. 86, 44) demonstrated the general diffusion of mannite in fungi. 
As, however, Braconnot distinctly states that his mushroom -sugar is fermentable, and, 
on the other hand, Mitscherlich once found mannite in ergot of rye (another time he 
found neither mannite nor mycose), it is possible that a peculiar sugar may sometimes 
be present in fungi.— On the other hand, 'V'auquelin’s sugar from Agaricus theogalus 
and A. campestris {Ann. Chim. 85, Schw. 12, 253), Schrader’s sugar from Bel- 
vella mitra {Schw. 33, 393), and WA-dt fungus -sugar {Pih-zuoker) from the husk of 
Lycoperdon cerumum, which, in the third e^tion of this Handbook, was regarded as 
mushroom -sugar, may with great probability be regai*ded as identical with mannite, 
Braconnot’s Mucoso-sucri {Ann. Ghim. 80, 273) from Boletus pseudo dgniarius does 
not appear to be a distinct substance (Kr). 

Occurrence. In ergot of rye (Wiggers). Sometimes crystallises 
from the officinal extract (Kloboch, N. Br. Arch. 75, 135 j 80, 13). 

Preparation. The aqueous extract of pulverised ergot of rye is pre- 
cipitated with basic acetate of lead ; the excess of lead is removed from 
the filtrate by sulphuretted hydrogen; the filtered liquid is evaporated 
to a syrup ; and the crystals which separate after a while are purified 
by washing with alcohol and reciystallisation from water (Mitscherlich). 
2 kil. yielded 2 grm. mycose. 

Propetdies. Hydi’ated mycose forms colourless transparent crystals of 
the right prismatic system, which separate from water with curved 
faces, from weak alcohol with plane highly lustrous faces. The 
dominant form is a rhombic prism (Pig. 73) of 110° 6^ haviag its acute 
lateral edges bevelled by a rhombic prism which would form an angle of 
108° 50' at the truncated edge ; faces t and m suhordinate. The 
prism is heveUed by the horizontal prism f ; i: i above = 160° 32'; 
faces of the octahedi’on and the horizontal prism y subordinate 
(Mitscherhch). 

Tastes sweet. Inodorous. ITeutraL — Dextro-rotatory power for 
C'®H“ 0 ^^ 52 H 0 , [a] J = 173° 2' (Mitscherlich). Sudi is the value of [«], cal- 
culated according to Mitscherlich’s statement, that 10*03 grms. of crystallised mycose 
produce a deflection of 34’75'’ ; from Mitscherlich’s second statement (in the Memoir 
above referred to), that mycose deflects times as strongly as cane-sugar, the value 
of [a] should he 192'5*, therefor^ nearly as great as for trehalose (p. 299). 
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Mycose melts at 100° to a transparent mass, "wliicli on cooling 
solidifies first in the vitreons, afterwards in the crystalline form. 
Heated to 130°, it gives off 9*62 p. c. water (2 at. = 9*53 p. c.), and 
is converted into anhydrous mycose, which melts at 210° without 
further loss. (Mitscherlich.) 

Mitscherlich, 

12 C 72 .... 38*09 38*37 

13 H 13 .... 6-88 6*87 

13 Q 1Q4 .... 55*03 54*76 

C12H11oii,2HO 189 .... 100*00 100*00 

For Liebig & Pelouze^s analysis, see Ann. Pharm. 19, 285. 

Decompositw?}s. 1. Mycose wdien heated above 200° turns brown 
and gives off an odour of caramel, but, if then treated with water, crys- 
tallises partly unaltered. — 2. At higher temperatures and in contact 
witli the air, it burns and leaves a spongy charcoal. — 3. Nitric acid of 
sp. gr. 1*52 dissolves it with slight evolution of licat, forming a solu- 
tion from which water precipitates a gummy mass, soluble in alcohol 
and ether, insoluble in 'water, melting when heated and detonating 
with faint appearance of fire. (Mitscherlich.) By heating with ordi- 
nary nitric acid, it is converted into oxalic acid. (Wiggers, Mitscher- 
lich.) — 4. It dissolves without decomposition in common and in 
fuming oil of vitriol, and turns brown when the solution is heated. — 
Dilute sulphuric acid boiled for some time with mycose converts it into 
dextro-glucose. — 5. The dark-blue solution produced by mixing cvp^Hc 
sulphate and potash-ley with mycose, deposits mere traces of cuprous 
oxide or none at all, even after prolonged boiling. (Mitscherlich.) 
Neither does any reduction to cuprous oxide take place on boiling 
mycose with cupric acetate. (Neubauer, N. Dr. Arch. 72, 277 ; 
Klohoch.) — 6. According to Neubauer, mycose is fermentahle. 

Mycose dissolves easily in ivater. (Wig-gers.) A solution con- 
taining 50 p. c. mycose does not ciystallise on cooling. (Mitscherlich.) 
— It is not altered by aqueous alkalis (Wig*gers) even after several 
hours’ boiling. Not precipitable by baryta- ox lime-ivater (Mitsclierlicb), 
by metallic salts, or infusion of galls. (Wiggers.) 

It dissolves in more than 100 pts. of boiling alcohol and crystal- 
lises on cooling. It is insoluble in ether. (Mitscherlich.) 


Baccharoidal Buhtmices 

Indiglucin. 

QIU2[10012. 

ScHtJNCK. Phil Mag. [4], 10, 73 ; abstr. J. pi\ Chem. 66, 321 ; Okem. 
Cenir. 1856, 50 j Nopjds Jahresberi 1858, 659. — Phil. Mag. [4], 
15, 183 ; abstr, J. 2)r. Chem. 74, 174; Kopp^s Jahresber. 1858, 465. 

Formation. Indican decomposes, when heated in the state of 
Aqueous solution, or with dilute acids or aqueous alkalis, mto indiglucin 
and other products. Similar products are yielded by indicanin, oxindi- 
canin and oxindicasin. (See Indican.) 
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Fnjxtration. 1, Tincture of woad-leaveB, prepared -witli cold alco- 
hol, is evaporated in a current of air ; the residue is mixed with cold, 
very dilute sulphuric acid, and the fat which falls to the bottom is 
immediately separated by filtration. The filtrate serves instead of the 
aqueous solution of indican mixed with acids. The decomposition, 
which begins in the cold, is kept up by gentle heating, whereupon the 
solution becomes tmbid, and a mixture of six insoluble substances 
separates (see Indican) ; the liquid is then filtered, the residue washed 
with cold water, and decomposed in the manner described under 
Indican. The filtrate, freed from sulphuric acid by carbonate of lead, 
and from lead by sulphuric acid, evaporated to a s}U’up in a stream of 
air, dissolved in alcohol, and mixed with a large quantity of ether, 
deposits lencine in crystals, and indiglucin as a syrnp. The latter, 
after the removal of the crystals, is dissolved in water, the solution 
mixed with acetate of lead, the scanty precipitate removed, and the 
yellow lead-compound of indiglucin is precipitated from the filtrate by 
aqueous ammonia. The lead-salt decomposed hy liydrosiilplumic 
acid under water, treated with animal charcoal till a sample gives a 
white precipitate with ammoniacal sugar of lead, yields a solution 
from which, by evaporation, solution of the residue in alcohol, and 
addition of ether, the indiglucin is precipitated in the form of a sw’up. 
2. In the preparation of indicaniii from indican, by mixing the latter 
with baryta-water and leaving it at rest, tbeii removing the baryta, 
evaporating the filtrate in a cuiTcnt of air, dissolving the residue in 
alcohol, and precipitating hy ether, indiglucui is separated as a syimp. 
This syrup is dissolved in alcohol, mixed with excess of alcoholic 
sugar of lead, the brown precipitate removed, and the solution preci- 
pitated with ammonia. The lead-compound of indiglucin is purified 
and decomposed as in method 1. 

Colourless or light-yellow syrup having a slig'htly sweet taste. 

Decompositions. 1. Swells up when heated and gives off an odour 
of caramel. — 2. With boiling nitric acid, it fox*ms oxalic acid. — 3. With 
oil of vitriol, it becomes carbonised. — 4. ‘WTien boiled with soda-Uij, it 
turns yellow and separates brown flocks. — 5. From an alkaline cupric 
solution it reduces cuprous oxide ; from an aqueous and still more from 
an ammoniacal solution of nitrate of silver, it reduces metallic silver ; 
similarly with terchloride of gold. — 6, It is not fermentablcj but turns 
acid by prolonged contact witli yeast. 

Aqueous indiglucin dissolves hydrate of lime, and the solution on 
boiling deposits copious yellow flakes which dissolve ^ on cooling and 
are precipitated by alcohol. — From a mixture of indiglucin with 
baryta-wat&i', alcohol throws down yellow flakes- 

Lead-compound. Aqueous indiglucin is precipitated by neutral or 
basic acetate of lead, only after addition of ammonia. 

Schtmek 


12 C 

72 . 

... 11*67 . 

a. 

mem. 

... 11*75 ... 

h 

12*74 

y H 

9 . 

... 1*46 . 

1*70 .... 

1*64 

11 0 

88 . 

... 14*26 

... 13-89 .... 

15-85 

4 TbO 

448 . 

... 72*61 . 

... 7^*66 .... 

..... 69*77 

Ci3H»PbO«3?bO ..... 

617 , 

100:60 . 

... 100-00 ... 

..... 100-00 
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h. Prepared with, hary ta- water j in this product the composition of the organic 
snhstance after deduction of the lead-oxide, corresponds to the formula 
(Schunck.) 

Indigliicin dissolves in alcohol and is precipitated by etJm\ 


Carlo -hydrates 

Dextro-glucose. 

012^130^ 


Lowitz. Grell Am. 1792, 1, 218 and 345. 

Thenaed & Duputteen. N. Geld. 2, 195. 

Oeuikshank. Rollo On Diabetes m^itusJ^ Loud. 1797. 

Peotjst. J. JPhys. 63, 257; 69,428. — Ann. CMm. 57, 131 and 225 
N. Gehl 2, 77. 

A. Yogee. Sohiv. 5, 80 ; GUI. 42, 123. 

Ijechhope. Bchw. 14, 389. 

Satjsseee. Ann. Chirn. Phys. 11, B81 ; Schw. 27, 304. 

Beaconnot, Ann. Chm. Phys. 12, 181 ; Schw. 27, 337. 

Bubeunfaut (1823). Ann. Chm. Phys. 53, 73, — Compt. rend. 23, 38; 
N. A 7 in. Chirn. Phys. 18, 99. — N.Ann. Chin. Phys. 21, 169 ; /. pr. 
Chem. 42, 418; abstr. Pharm. Centr. 1847,889. — N. Ann, CMm. 
Phys. 21, 178 ; /. p\ Chem. 42, 425 ; abstr. Conipt rend. 25, 308 ; 
Pharm. Centr. 1848, 10. — Com.pt.rend. 29, 51 ; PJiarm. Centr. 1849, 
643. — Compt. rend. 32, 249; Pharm. Centr, 1851, 278; Dingl. 121, 
299 (Estimation of Glucose). — Compt. rend. 42, 228 ; /. yr. Chem. 
68, 422 ; Chem. Centr. 1856, 233. — Compt. rend. 42, 739. — Compt. 
rend. 42, 901 ; J. p>r. Chem. 69, 438. 

Gui^Em-YAEKY. Ami. Chirn. Phys. 60, 54. 

Peligot. Ann. Chirn. Phys. 67_, 136 ; J.pr. Chem. 15, 82; iY. Br.Arch. 
15, 227. Preliminary notice, Compt. rend. 7, 106; Ann. Pharm. 
23, 169 ; /. pr. Chem. 12, 425; 13, 378; Pist. 1839, 237; Bers. 
Jahresh. 18, 279. 

Yentzke. J* pr. Chem. 25, 74. 

SouBEiEAN. iV. J. Pharm. 1, 1 ; J. pr. Chem. 27, 281. — N. I. Pharm. 
4, 347. — iY. J. Pharm. 9, 327. — Compt. rend. 28, .775 ; in detail, 
iY. /. PJmmm 16, 252; J, pr. Chem. 49. 65. 

Bekthelot. Combinations with Acids : Compt. rmd. 41, 452 ; J. pr. Chem. 
67, 235; in detail :iY, Ann. Chm. Phys. 60, 95; abstr. Rep. Chirn. pure, 
2, 427. — Combinations with Tartaric and Citric acids : Compt rend. 
45, 268; iY. J. Pharm. 33, 95 ; J. pr. Chem. 73, 157; Chem. Oaz. 
1857, 441 ; in detail ; N. Ann. Chirn. Phys. 54, 74. — Fermentation 
with Chalk and Cheese: Compt rmd. 43, 238; i7. X Pharm. 30, 
269; J. pr. Chem. 69, 454; Chem. Centr. 1856, 749; in detail: 
N. Ann. CMm. Phys. 50, 322. — Formation from Mannite and Gly- 
cerin : Compt rend. 44, 1002 ; iY. J. Pharm. 81, 432 ; J. pr. Chm. 
71, 507 ; in detail : iY. Ann. Chirn. Phys. 50, 369. — Chinm organique 
fmdie sur la synthese, Paris, 1860, tom. 2. 

E. Beuoke. Sugar in Urine : Wien. Ahad. Ber. 28, 568; /. 'pr.phem. 
t4i 108.“— Alcad. Ber* 29, 346; J.pr. Chm. 74,' 115'; 
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Centr. 1858, 705 ; JRep. Cldm. pure, 1, 47. — Wien. AJcad. Ber. 39, 

10; Chem. Centr. 1860, 231 ; JRep. Gliim. pure, 2, 219. 

Buigistet. N. Ghim. Pliys. 61, 233. 

0.- ScmnDT. JDissertat. uher Traulenzuclar, Gottingen, 1861. 

Glucose^ Ordinary Glucose: KrwnelzucJ:€i% and according to its origin ; Grape ~ 
sugar, Fndt-sugar, Ho7iey~sugar, SfarcJi-siigar, Diabetic sugar, Sugar of urme, ChesU 
nut-sugar, Rag-sugar, some of which names are also used to denote glucose in general. 

* — Recognised as a distinct substance by Lowitz and Proust ; first prepared from starch 
by Kirchhoff, from linen by Braconnot. Its combinations with bases have been inves- 
tigated chiefly by Peligot j those with organic acids by Berthelot. Our knowledge of 
glucose has been farther extended by Dubrunfaut, who has eliminated much that does 
not properly belong to it, and more exactly characterised its properties. 

Sources. Impressions of ferns from tlie clay-slate of Pctit-coeiir, in 
Savoy, contain a sweet substance, which smells like caramel when 
bnimt on charcoal, and perhaps consists of glucose. (Calloud, Gompt. 
rend. 33, 544.) — On the alleged occun’ence of sugar or dextrin in vegetable mould, 
see Verdeil & Easier {Couqjt. rend. 35, 97, and Petxhold’s counter-statement, X pr. 
Chem. 60 , 368 .) 

In the Vegetable Kingdom. Abundantly in sweet fruits, frequently 
together with cane-sngar, and always with such a quantity of Icevo- 
rotatory fruit-sugar that the mixtiue may be regarded as inverse 
sugar {i, e., as produced by the decomposition of cane-sugar, p. 254) 
(Buignet, see page 239J). — The isolated occurrence of dextro-glucose 
has been observed only in the following* cases : 

A thick viscid liquid which, in the summer of 1842, covered the 
upper surface of the leaves of lime-trees, and at certain times of the 
day fell down like rain, contained cane-sugar and dextx’o-glucosc. 
(Biot, N. Ann. CJiim. JPhjs. 7, 337 ; Langlois, JK. Ann. Chini. Bhys. 
7, 348.) — Dextro-glucose is contained in the manna of the ash- tree ; 
a false manna, of nnknown origin, was found to contain a peculiar sugar 
not invertible by acids, and having a molecular rotatory power equal 
to f of that of cane-sugar ; perhaps maltose (Biot, Gompt. rend. 14, 49 ; 
J. pr. Chem. 27, 60). Whether the sugar occmiing in many other 
parts of plants should be considered as dextro-glucose, is not yet 
decided. According to Buignet’s researches (p. 240), cane-sugar and 
inverse-sugar (which may be regarded as a peculiar substance, at 
least with reference to its origin), appear to be the most widely 
diffused, and the imperfectly investigated granular sugar {Krumelzuclcct') 
of many chemists, appears to be inverse sugar formed either in the 
plant, or during the process to which it is subjected for the extractiou 
of the sugar. (Kr.J 

In JEoney. This substance contains cane-sugar (which is gradually in. 
verted by keeping); inverse sugar and an excess of dextro-glucose 
(Dubrunfaut, Gompt. rend. 29, 51) ; comp. Soubeiran (W. J. Pliarm. 16, 
252) and page 240 of this volume. 

In the Animal body. In many animal liquids and tissues ; in the liver 
{Eandbuch viii, Zooekem. 65), in the amniotic and allantoic liquids {ibid. 
424) in the blood {ibid. 171 and 195), in the chyle {ibid. 221), in the trans- 
sudates {ibid. 241), in the yolk and white of hens’ eggs {ibid. 284 and 
285),— -In large quantity, to the amount of 8 or 10 per cent., in diabetic 
urine {ibid. 384), in small quantity also in the urine of healthy men 
(Briicke ; Bence Jones, Chem, See. Qu. J. 14, 22 ; N, Ann. GMm. Phys. 

YOL. XV. X 
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C2j 244 ; 05, 125). The urine of a fox fed exclusively on meat contained 
glucose. (Vintschgau, Wieji, Alrtd. Ber, 42, 520.) Conjxxgated com- 
pounds of glucose are likewise found in the animal body. {See Glucosides.) 

Fovmcttwn. Of destro-glucose and fermentable sugars in general isomeric there- 
with, in so far as they cannot with certainty be referred to other species. — A. By the 
transformation of Carbo-hydrates with assumption of Water. 1. G-Iucoaau 
(Qi3]giooio . jg converted into dextro-glucose by boiling with 

dilute acids (Gelis). Assamar prepared by heating cane-sugar (p. 249), 
dissolved iu water and set aside for 1-| years in a closed vessel, reco- 
vered the sweet taste of sugar, still naore in two years, probably from 
conversion into glucose (Pohl, J. pr, Ohem. 82, 148). Pohl's assamar 
doubtless contained glucosan. (Nicklbs, N, J. PJiarm. 39, 469.) 

2. Dextrin is converted into dextro-glucosc by boiling with dilute 
acids. (Biot & Persoz.) Diastase acts in like manner, according to 
PaycnA: Persoz, and Gnerin-Yany; according to Mnsculns, it does not. 
See page 189, also on the intermediate products of the reaction, wfra. 3. Under 
the same circumstances, soluble starch (p. 102) and common starch arc 
converted into doxtro- glucose, after they have been previously con- 
verted wholly or partially into dextrin, or otlier intermediato products. 
Dextro-gincose is also formed from starch by continued boiling with 
water, by prolonged contact with glutin, saliva, or the nitrogenous and 
animal matters mentioned on page 91, and from sulphamidonio acid by 
heating its aqueous solution (p. 104). 

On the change which takes place in the conversion of starch into 
dextro-gincose, the following views have been proposed. 

a. According to Kirchhoff, the starch is directly converted into 
glucose. — b. According to Biot & Persoz, when a mixture of 500 pis. 
starch, 120 pts. oil of vitriol, and 1,390 pts. water is heated to 
90° — 05° (under the circumstances mentioned at page 85), or till a 
clear solution is produced, dextrin is formed, which, when the tem- 
perature has risen a few degrees, is converted, with sudden diminution 
of the rotatory power of tlie solution, into a peculiar dextro-rotatory 
sugai', and by continued boiling, into doxtro-glucose. With other 
proportions of water, acid, and starch, the same changes take place, 
but more or less quickly and at other temperatures. The lirst-formcd 
sugar is, according to Dubrunfaut, maltose. The dextrin of Biot 
Persoz, appears to have been a mixture of disorganised with, soluble 
starch, dextrin and dextro-gincose (or maltose), since it had a gi’catcr 
rotatory power than dextrin, less than soluble starch, viz. [a]/ = 175*7“, 
was coloured purple by iodine, was fermentable (hence tbe statement of Biot k 
Persoz, p. 188, requires rectification), and when kept in aqueous solution de- 
posited a white powder, which Jacquclain {Am. CMm. Bhys. 73, 177) 
afterwards regarded as identical with his Qranides de fkuU. The 
amoimt of sugar was previously ascertained by Guerin- Yarry {Ann. 
CMm. PJiys. 56, 239 (Kr.). 

c. According to Payen & Persoz, who distinguish between the 
integuments of the starch-granules, amounting to J p. c., and the con- 
tents, amounting to 99*5 p. c. (designating the latter as amidone), 
diastase or malt heated with starch and water causes the contents of 
the granules to separate out, part of the substance remaining for a short 
time in the liquid without alteration, and being subsequently converted 
into dextrin and sugar, the diastase, however, not being able to pro-* 
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duce any fiu’tlier alteration of tlie dextrin, even after the sugar has 
been removed. The amidone of Pa3^en & Persoz appears to be identical 
with disorganised or soluble starch, but their dextrin is different from 
that of Biot & Persoz, inasnauch as it is not coloured by iodine {Ann, 
Ghim. Phjs. 53, 73 ; 56, 337). More recently, Payen states {Ann, 
Oliim. Phjs. GO, 442) that starch is completely converted into sugar by 
diastase, with the exception of the integuments. According to Mulder 
{Gkemie des Pieres, 170) the dextrin produced by diastase is different 
from that which results from the action of acids, as appears also to 
follow from Gruerin-Varry’s statements {Ann, Chini, Phjs, 60, 32), but 
both diastase and acids appear to produce successively the dextrin 
wliich is coloured purple-red by iodine and that which is not coiom*ed. 
(Er.) 

d. According to Jacquelam, w'ho likewise distinguishes in the 

starch-granule an envelope and a granular substance contained 
therein, the first effect of heating starch with water to 150®, is to 
separate these two constituents, the envelopes remaining undissolved, 
while the granular contents, Jacquelain's Granules de fecule, dissolve. 
[The characteristic property of the granules de fecule is, that they 
separate out, for the most part, when the aqueous solution is left to 
cool, dissolve sparingly in cold water, but easity in water at 70®, are 
coloured blue b^^ iodine, and are precipitated from tbeir aqueous solu- 
tion by alcoliol much more easily than dextrin. They appear therefore 
to be identical with Becliamp’s disorganised starch (p. 102)]. The gramdes 
de femle<i when further heated with 5 pts. water to 160® are con- 
verted in I hour into a-dextrin (which is coloured purple by iodine, and 
is more easily precipitated by alcohol than ^-dextrin), in If hour into 
/3-dextrm (not coloured by iodine), and by still further heating, into 
sugar. At higher temperatures, the same products are formed, but are 
more quickly converted into the last-mentioned compound. When starch 
is heated with an equal weight of water and from oxalic 

acid, or oil of vitriol, to 130®, the mass, after 20 minutes, contains 
a-dextrin, after an hour, /3-dextrin, and after 2 hours, sugar. (Jacquelain, 
Ann, Glim. Phjs, 73, 167.) The sugar formed in tins reaction possesses, 
according to Biot {Compt rend, lb, 619 and 710; 42, 351) a mole- 
cular rotatoiy power different from that of dextro-glucose, \iz, [c£\j == 
100*6° to the right, because, according to Dubruufaut, it is a mixture 
of maltose and dextro-glucose (see Maltose). 

e. According to -Neiibauer, dilute acids produce first SchuIze^s 
amydiilin, from this a-dextrin, which is coloured purple-red by iodine, 
then /3-dextriii, not coloured by iodine, and, finally, after veiy long 
Ijoiling, a solution containing nothing but glucose. 

f. According to Bechamp, the formation of sugar from starch by dilute 
acids, is preceded — just as when diastase is the acting substance, — 
by the formation of three different products, whilst a fourth appears 
either before the sugar, or simultan eously with it. Thep products, 
some of which may be isolated by the use of aqueous alkalis or of con- 
centrated acids, are as follows : a. Bisorganmd starGli, occurring in 
three forms, in one of which it constitute s JacquelaiiTs granules defecide, 
ill another Saussure’s Ligneuso amjlace ^ Soluble starch (p. 102) 
which is coloured blue by iodine, dissolves in cold and in hot water and 
does not separate from the latter solution on cooling ; — 7. Dextrin, 
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which is not colotired , blue (but purple-red? Kr.) by iodine; — 
r?. A variety of dextrin^ Bechamp’s Amylvn^ which is formed, either 
together with or before the sugar, often remains mixed with it, and has 
a dextro-rotatory power [a] / = 125°. (Bechamp, N, Ann, Chirn, PIf/s, 
4S, 458). The presence of Becharap’s Ami/lin (or Jac(|iieIaiji’B 
/j-dextriii) appears also to explain tlic observation made by Anthon 
(Dingl. 151, 213; Ghem. Centr. 1859, 291), that, by boiling starch with 
water and 2 p. c. oil of vitriol for 5 — 7 hours, a solution is obtained 
which is not coloured by iodine or precipitated by alcohol, but docs not 
yield any crystals by evaporation, and ferments only to the amount of 
-| to f of its enth’e quantity. 

g. According to Musculus, dilute acids and diastase decompose 
starch into 2 at. dextrin and 1 at. dextro-glucose, the former being 
afterwards but slowly altered by dilute acids, and not at all by diastase. 
This does not agree with Guerin- Yarry’s experiments (pp. 90 and 91), 
in which the quantity of sugar obtained was much larger than that 
which corresponds to the equation given by Musculus. Ncubaucr 
(iY. Br. Arc/i. 72, 285), appears to have converted starch completely 
into sugar by the action of diastase ; the quantity of product obtained 
in the brandy-distillery, shows that the sugar produced by the action 
of malt upon starch amounts to between 75 and 80 p. c. of the weight 
of the starch; and, finally, Gu6rin-Yarry states distinctly (p. 188) that 
he converted dextrin into sugar by the action of diastase, not how- 
ever till the sugar first formed was removed. From this, as well from 
experiments of my own, the view proposed by Musculus appears to me to be unten- 
able (Kr.). 

Lastly, there are certain observations by Gentele (Bmgl 158, 427 ; 
0/iem. Oent7\ 1861, 91), which indicate the formation of another inter- 
mediate product : When starch is boiled with dilute acids till the mix- 
ture remains clear on cooling, the presence of glucose in it is shown by 
potassio-cupric tartrate, but not by red prussiato of potash mixed with 
caiistio potash, which reagent is nevertheless decolorised by giucose. 

In the spontaneous decomposition of starch-paste, there is obtained, 
amongst other products, a sugar, which, according to Saussure, 
resembles grape-sugar, and according to Dnbrunfaut, is maltose. 
When a paste prepared with 1 pt. starch and 12 pts. water is exposcul 
to the air for two years in a shallow vessel, and the mass is ihe.n 
exhausted with cold water, undccomposcd starch, woody starcli 
(Saussure’s ligneux amylace) and a small quantity of rosin remain nn- 
dissolved, while amidin, starch-gum, and sugar pass into the solution. 
On evaporating the filtrate, dissolving the residue in 1 pt. of water, 
adding 10 pts. alcohol, evaporating again, and separating the remainder 
of the matter insoluble in alcohol, an alcoholic solution is obtained from 
which, after evaporation, the sugar crystallises. If the spontaneous 
decomposition of the starch-paste continues only a few weeks, sugar is 
likewise formed, hut of the imciystallisable kind; if the decomposition 
has proceeded too far, the crystallisable sugar also disappears. Tdns 
crystaliisable sugar dissolves in 8 pts. alcohol of 35° Bm. at 25°, and 
in 17 to 20 pts. of boiling absolute alcohol (Saussure, Am. Ghim, Plm. 
11,379).- . 

4. Glycogen is converted into dextro-glucose under the same cir- 
cumstances as starch (p. 184).-— 5. In hke manner, lichenin (p. 121) 
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and paramylono (p. 122) are converted into glucose hj ])()iling with 
acids. The rotatory power of the sugar has. not been ascertained in cifcluT case. 

6. Cellulose treated with oil of vitriol (p. 13(1), conccuiratcd byulro- 
cldoric acid (p, 139), or a concentrated aqueous solution oP diloride of 
zinc (j). 140), yields products which ai'o converted into glue-ose when 
their aquet^us solution, is boiled with water. — Glucose is likowi.se i^roduccd 
in the dcconi position of ligiiosulphatc of lead (p, 105), and by the action of alkalis on 
pyroxylin (p. 178). But it is doubtful also whether this sugar should Ikj regarded as 
dextro-glucosc. According to Bcchamp {N. Ann. Chim., Phys. 48, 502), it yields, when 
treated with alcohol, two sorts of crystals, one sort having the hardness of cane-sugar, 
the others resembling dextro-glucose. 

The skin of the silk-worm and that which remains in the cocoohb 
when the butterflies escape, arc capable of yielding a snbstanc(} isomeric 
with cellulose, which maybe converted into glucose. Wlum tlx.! ca, tor- 
pillars arc boiled for several hours with strong hydrocliluric acid, and 
this treatment is repeated three times with the residue, and thisi’csiduc 
is washed with strong potasli-loy, then with water, and dried between 
100° and 110°, a wliitc liglit hubstancjc iiearly free from nitrogen is 
obtained, which gradually diffuses in oil of vitriol, forming a colouiioss 
gummy hujuid. Tliis solution ad(l(xl l)y small ([uantiti(!S to boiling 
water and boiled for an liour or two, yi<4ds fernieniublc sugar wlii(h 
njacts, like g!(i(ios(h wilh common salt and potasslo-cupric; ta/rirat<i (Do 
Luca, Oy/Npl.rejid. fySj 102). 

7. Tum’ciji (j). LS2) is d(K‘.omposed by oil of vitriol, under ibo sariu.^ 
circumstances as(ad]ulose, into (hecl.ro-glueoso and a second substafice, 
(On this decomi) 0 .sitiou of Chitin, .see Glnamilcn,) 

8. MnltoRC (p. 3)39), me1<'zitos(‘ (p. 299), trehalose (p. 300) and mycoso 
(p. 301) are completely converted into dexiru-glucoso by i)oiling' with 
dilute acids, 

B. Anoihor class of compounds yield by ilieirdecompOBi tion, ch^tro- 
glucoBO and anotluir product This latter body is either isormaac, wiih 
glucose: thus meUtoso (p. 297) is resolved, by dilute ticids, y<raHl, 
and other bodies, into dextro-glucosci and eucalin, — canc-suga,r(p. 251), 
ink) dextro-glucose and hevo-glucose (as to starch, tlcxi.riu, loul t.miichi, it is 
doubtful whether they belong to this or to the former class) ; or, it hdongs t.o (lie 
class of non-satjcharine bodu^s, in whicli (atse ilui conipcuind wlncb, 
yields tliis second product and dextro-glmaiHe, btlongs to Dn^ class 
of Oiuccmles. 

To the GlucoaukSf GhcfmmSdOiH, or 8u(udiar()y(*ns bc.kmg, uccordlng to Iimirepi’s 
classification (N. Ann. €Mm. P/tyn. 50, 55(1), nil subjitanwB which, when dec, omposetl 
hy dilute ucid.s, yield, on tin*, one hand, dextro-glucosc of another HJUicharine sulwlnnce* 
on the other, a product difiVring in <dmrncter H(a;<n’(Ung to circulUHt^mc^^H, lint no(; 
belonging to the enrbo' hydrates. Generally speaking only the tinturnlly occiming com-* 
pounds of this kiink th(} JUttcr arc de.signnted hy this name. Bertheloi's 

Buccharidm (p. 317) include, besides these, the nrtiiic5al]y prepared eom|Kmnd» of the 
carbo-hydrates (with acids), and are divided, according as they yield hy their decompo- 
sition, dextro -glucose, Irevo- glucose, lactose, or otlier bodies of like nature^ into 
glucosides, levulosides, gallactosides, &C- But since, in many cases, decisive experi* 
ments on the nature of the saccharine substuncie obtained ate wanting, Berthe, lot’s clas- 
sification cannot be completely carried out, and we slmll therefore adhere, to Laurent’s. 
(Kr.) See the Campeciia qfdhe Glucosides, iu the Apjmdu io Ihe CarltoAiydraies, 

0. Ill tlio floeoniposiibm of dulcito liy uifruj acid, (bero 

is formed, amorigRt: ofJier proditcls, a sugar, 'wliicli iV'axdR 
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with alkalis, potassio-capric tartrate, basic nitrate of bismuth, and 
indigo, in the same manner as dcxtro-glncosc. (Carlot, ConipL reniL 
51 137,) — Respecting Gorup-Besanez' Mannitose, a sugar different from dextro- 
glncose produced by the oxidation of mannite under the inliuonce of pla- 

tinum-black, see Mannite. 

D. From Oxalate of FAhjl — When this compomid is brought in 
contact with sodium-amalgam at low temperatures, and the product i.s 
agitated with ether, a solution is obtained from which a greasy mass 
separates on addition of water. This mass is a mixture of oxfdate 
of soda, another soda-salt, and fermentable sugar. (Lowig, /. 
Cliem. 83, 133.) Whether this sugar should be regarded as dextro -glucose is at 
present undecided, (Kr.) 

E. From Mannite or Ghjoenn. — When a moderately concentrated 
aqueous solution of mannite, diilcite, or glycerin is loft for some time 
in contact with the testicles of man, or of the horse, dog, or co(5k, a 
peculiar fermentable sugar is produced, the formation of which likewise 
takes place in certain cases, when instead of the testicle, albumin, 
casein, fibrin, gelatin, or the tisstie of the kidneys or |)aiicrcas is 
employed. (Berthclot, N. Ann. Ohm. Fhjs. 50, 3 GO.) 

When to a solution of mannite or glycerin in 10 pts. water, there 
is added such a quantity of comminuted testicle, that its dried siibBtanco 
amounts to of the mannite, and the mixture, contained in an open, 
fiask, is exposed to diffused daylight between 10° and 20°, the liqxiid, 
after an interval varying' from a week to 3 months, is found to contain 
(without the occurrence of putrefaction, which, indeed, is incompatible with the success 
of the experiment) a substance which reduces cupric tartrate. The tes- 
ticular tissue, if separated at this time from the liquid by decantation 
and thorough washing, then again introduced, under similar circum- 
stances, into a solution of mannite or glycerin, produces therein, in 
the coui'se of a few -weeks, a considerable quantity of sugar. This 
sugar is formed, sometimes in extremely small, soinetimes iti largtn* 
quantity, amounting to yV of the mannite or gdyccrin, and is partly 
further altered during the operation. It is not formed by the sub- 
stance of the testicle, inasmuch as this suhstance is rocovered, for th (3 
most part, unaltered, and gives up to the liquid, chiefly salt s and aU>n- 
minoidal substances, amounting to loss than the weigJit of 11 le suga,r. 
—The sugar is probably Imvo-rotatoiy. It is deljqtiescent, uiKayst! Jlis- 
able, and cannot be separated from the glycerin. It is ai )t to alityr <1 mh)g 
the evaporation of its solution, is turned brown by alkalis, easily ftvr- 
mented by yeast, and reduces potassio-cupric tartrate. It m v(yry 
soluble in water, alcobol, and glyceiin, and slightly prccipitablc by 
ammoniacal sugar of lead. (Bertbelot.) On the formation of sugar in. the 
muscles and lungs of the foetal calf, see Handhuchf viii, Zoochm. 480. 

Pectin, pectic acid, and pectous acid are converted into sugar, according to Chodnew, 
by boiling with dilute acids, a statement which is contradicted by Fremy. Apiin, 
according to Braconuot, exhibits a similar reaction j according to Planta Wallace, it 
does not. Bassorin (p. 208) and vegetable mucilage (p. 211), treated in like manner, 
yield a sugar, which cannot with certainty be reckoned as belonging to this place. — The 
following substances were formerly erroneously regarded as dextro-glucose The inverse 
sugar produced by inversion of cane-sugar (p. 254),— the tevo-rotatory fruit-sugar 
produced from inulin,— lactose (p. 227),— the sugar, probably identical with lactose, 
produced from arabic acid,— and maltose. The observations of Biot {Compt. rend* 
15, 619 ; 16, 710 ; 42, 351), who found tliat the sugar which Jacciuelain obtained by 
heating stwch with oxalic acid (pp. 87, 307), algo the sugar examined by Feligot, and the 
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dextro -glucose of the manufactories, exhibited different degrees of dextro-rotatory power 
(riz, [«]^' = 100-6®, 61-5®, and 51-4“), must for the present remain niicxplamed, so 
fur at least as the two latter products are concerned. 

Preparation. 1. From the juice of various of fruit., especially 
of Grapes. Tlio juice is boiled and skiimncd; tlu^ frt'e acid is luuiira,!- 
ised with clialk or loarlde; and the liquid is ccuKxud-raJcMl t<> ouc-haJf, 
clarified by deposition, aud decantation, or Furtlu)r wif.h wblbi t)!’ 
and evaporated to a symp, not too thick. From this tlic^ grap(Nsu?4‘a,r 
separates after some weeks, aud is piirilied by repeattal sohitlou in 
water and crystallisation. 

2. From, Honey. White granukr honey is diffused in -J-pt. of tsold strong* 
alcohol, which dissolves tlie more soluble Ijevo-gducose and lea\a.?s the 
(Icxtro-glucoBC for the most })art mulissolvod ; tlu^ solution is se])arattMl 
from tlio sediment after a few hours; the sediment stnmgly prt?ss(Ml ; 
the residue again triturated wiiii pVi)!. alcohol; again })r(‘HscHl; and tlie 
undissolved portion, is purilKid by solntiou in water and crystallisation. 
(Eracomiot, JUdl. Fkarm. 3, 3(>0.j A similar process is fullowed, by 
Proust, also by Cavezzalli (Seher. ,/. 7, 7b1), ami Trommsd()rlT {N. Tr. 
0, 1,287). — 2. Bicgic sprea<ls gran uln,r honey on dry jioroiis l)ric.ks, 
whereby the licpiid portion is absorbed, halving, {il'ter ji biw dnys, a 
granular nisid.u(‘, avIucIj is recrystallisiul from \va.rm silcolio! with help 
oi animal charco<il, (./. pr. (.'hem. (>5), I IH.) 'Pho (h-xtro-gliuvsc obtained 
by either of these processo.s must bo oontaiuiunU'd with carxc-sugar, if the honey cou- 
taiued that substance. (Kr.) 8co also Clorgot (JV. ,/. P/iarm. 10, 252). 

3. From, Starch hy the action of dilute Sulpluiric acid. ' — 1 pi., of 

starch is boiled with 4 pts. wtiim* and ti (pianf.ity of oil of vitriol, 
weighing from yIit nV nuich as the stareh, the liquid being 
stirred and the wmter continually renewed till the liijiiid is no longer 
precipitat(‘d by alcohol. To bring it to this state, fbe lioiling must b() 
continued for a hmgm* time in pvojiortion as loss sulphuric lUMhl has been 
used; with the above proporiions, from 0 to 3(5 hours^ boiling is 
rmpiired. The dextro- glucose then contained in the Holutiim is sepa- 
rated and purified in the same manner as that from g!‘ape- juice. 
(Kirchhoff.) In prcqiaring Btarch-svigar ciii the large scah‘, (he ’idmb 
litiott is produced by passing ovei>beated steam inl.o the mixiun.^ con- 
tained in closed casks. — ^ When starch is hoiled with wafer and 2 p. ix 
oil of vitriol, tlio Ihpiid Iming ovajioratcd afU.u’ 5 or 7 hours, at whieJi 
time it is no longer jirecipitated by alcohol, an uncrysiidlisabh' syrup 
is obtamed. It is only after longer boiling that (he whole of the' dls- 
solvcd matter is converted into tlextro-gliieose!, pu-rt of wlitcli moreover 
urulcrgoes further alteration, so that the liipild does not. easily yield 
crystals by evaporation. (Anthon, JJiuifL 151, 213.) After t 'lie* sub 
phuric acid has boon. iioiitraliHed with chalk, a small <|uantily of aiudits 
acid must be added before boiling the li(|uid, since an (!X(.iesH of lime 
loads to tlio formation of bitter products of dimomposition {Polyt Cmtr. 
1854, 252); see also Payen 77, 286). llcapocting tho amouat of product 

thus obtained, see page 85 of this volume# 

4. From Starch hy the action of Glutin, Malt^ or Diastase. The pro- 
duct thus obtained is perhaps not dextVo -glucose, but maltose (p, 33H) — 2 fiarfs 
of starch well mixed by stirring with 4 pts. of cold water aixi difrused 
in 20 pts. of boiling water, and the paste thus formed is digi'sfed lor 
eight hours at 50®*— with 1 pt# of dried and pulvorked wlieat- 
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glxitin. From tlie syrup obtained by evaporation, alcoliol extracts tlie 
sugar, leaving tlie starcli, which is still but slightly altered, and the 
solution yields the sugar by evaporation. 

100 pts. of starch is suspended in 400 pts. of cold water; the mix- 
ture is poured into 2,000 pts. of boiling water, and after the wliole has 
cooled to 65°, 2 pts. of diastase dissolved in 20 pts. of cold water arc 
added. The mass, which in a few minutes becomes perfectly fluid, is 
kept for 2-| hours at a temperature between 60° and 65°, evaporated 
as quickly as possible at 60°, or better in vacuo, to 34° Bm., and left 
to itself for some days in shallow vessels. By treating the syrup, 
which is sometimes crystalline, with alcohol of 95 per cent, at a tem- 
perature of 75°, cooling the solution out of contact of air, filtering, 
reducing the filtrate to a syrup by distillation and concentration, 
and leaving the syrup to itself in vacuo, crystals are obtained which 
maybe purified by pressure, renewed treatment with alcohol, and, 
recrystallisation from 4 pts. water at 65°, with help of animal char- 
coal. (Guerin-Yarry.) The diastase may bo economically replaced by 
IS times the quantity of malt. • (Guerin- Yarry.) 

5. Fro7n Limn. — See page 308. To 12 pts. of linen (purified as com- 
pletely as possibly by treatment first with potash-ley, then with water, 
and dried: Vogel ) : 17 pts. oil of vitriol are very slowly added, so that 
no heating may take place ; the mass is kneaded together, left to itself 
for 24 hom’s,^ then dissolved in a very large quantity of water ; tlio 
solution is boiled for 10 homrs ; the acid is saturated with carbonate of 
lime ; the liquid is filtered and evaporated ; and the glucose which 
separates after some days is purified by rccrystallisation. (Braconnot.) 
Yogei uses sulphuric acid of sp. gr. 1*8 (which blackens the linen loss 
than strong oil of vitriol) and leaves the mass to itself for two clays. 

6. Fvoin the xirine of dictbetic patieMs .' — The crystals obtained by 
evaporating* the urine are pressed (after being separated from the 
chloride-of-soclium compound of glucose) and purified by crystallisation 
from boiling alcohol (Chevreul), or by digestion with cold alcoliol and 
subsequent recrystallisation, (Prout.) Addition of ether to the 
alcoholic solution favours the crystallisation. (Pcligot, Ilihicfeld.)— < 
The ui'ine is evaporated to a syi-up on the water-bath ; tlic rc^siduo 
exhausted with alcohol ; the tincture prcciintatcd with Umc, acet ate of 
lead; the lead separated from the filtrate by sulphuretted hyilirim mi ; 
and the clear liquid evaporated to a syrup and allowed to Biiml till it 
depobiis ciystals. (Huncfeld, L. pi\ Oheni. 8, 51)0.) — Fi’e(|ucmtly 
nothing but crystals of the chloridc-of-sodiuni compound of gluooHC aiO' 
obtained on evaporating diabetic ume, (Lelimann, Umuilmch viii^ 
Zoochem. 568.) 


^ Directions for the defection of Sugar in the urine. co. mine arc 
inixecl with 800 cc. alcohol, allowed to settle, and tlion filtcrml* 
alcoholic potash is added drop by ckop to the pcrfoctly chxar liquid, 
until It has acqiiired a slightly alkaline reaction; aiid tlie mixture 
IS left for 24 hours in the cold. On carefully decanting the 
liquid and clrainmg it off as completely as possible, the sides of the 
vessel, when allowed to dry by spontaneous evaporation, are found to 
bo coxmred vith crystalline crusts of the potash-compound of glucose. 
Tins IS dissolved in a small quantity of water, and tlie glucose rccog: 
msed by Its browning with potash-ley, by the copper-test, or by it s 
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reaction with basic nitrate of bismuth. (E. Briicke, A htd. Ber. 
29, 846 ; /. pr, Cliem. 74, 115.) —B^y precipitating’ the nrine, first with 
sng-ar of lead, then with basic acetate of lead, and lastly \vitb ainnionia,- 
cai acetate of load, precipitates are obtained, of wln(',h the la, si; t\vo 
contain sugar, altlimigh basic acetate of lead does not throw down a,ny 
sugar from a pnre solution of grape-sugar. By pressing each of 
two prccipiia,ics, dividing them iinely, and decomposing tlioin Aviih 
cold aqueous oxalic acid, filtermg, neutralising the filtrate wii,h (;ar- 
boiuitc of soda, acidulating will i acetic acid, concentrating the li((uid 
by evaporation, and precipitating* the oxalate of soda by alcoliol, a 
solution is obtained from winch glucose can bo prcci])itat(Ml as above 
l)y alooliolic pota,sh, and 3‘ecoguised in the same way. (tuboiade of 
liiiKi may also be used instead of carbonate of soda, (ihilcke, Ihhvn 
Akad. JJer. 39, 10 j Ohm, Ccutr. 18G0, 281.) 

Fjstimatmh of Glucose. — BarreswiFs method (Arch. dUuiatoni. LSI 6, 
50 ; J, PharuL 6, 3G1 ; Beuz. Ja.hres(>ci\ 25, 55G). A known measure of 
potassio-tartrate of copper mixed with potash-ley is luaited to boiling* 
in a capsule, and the liquid contaijiing sugar is di’t^pped in until i,he 
copper-solution lias beeorne colourh^ss by the separation of red dioxide 
of copper. The (luanlity of ghu;os(‘> reipiired to rediuu^ the (jiianlity of 
copper-sol a tion miiployed must he a,s(uat,a,in<Ml by !i pixliniinary (‘xperi- 
naait. Barrt'swil prepares the eopper-sohitioii by dissolving lOO gna. 
carbonate of soda., oGO gnu, (;rea.in of laii.ar, ;100 gi’in. sulpha, le of 
copper, and 400 grm, ]iydra,te of ]»oi;ish in half a, litre of wa,t<H‘. — 
Ihdiling (yLm. iV/em. 72, lOG. — lOG, 75) a,(lds (o a solution of 160 
gnu. neutral ta,rtra,ie of potasli (or lietter, 192 gnu. ta,rtraie of potash 
and soda) in a small <|uantity of watin*, GOO or 700 <XJ. soda-hy of 
sp, gr. 1*12, tlieii a solution of 40 gnu. crystallised sulphate of copper 
in, aiiout IGO (He wa,ter, and dilutes tln^ mixture unl,ii it measures 
1154*4 (jc, at 15'h — Five milligrammes (0*005 grm.) of dry glucose can 
nuluoe 1 (50. of this solution. Jt must be kept in w<,41 clos(5(l v<5sscls, to 
prot(i(5t it from carboni<5 acid and air; th(i sidutiini ought no j; to give 
any pr(5(5i})ita,tc of dioxide of eoppm* wlnni boiled by itself. Th<5 suga,r*- 
sofulion to bo testi^d Is liest (‘midoyed fnse from acid, uIho Kerntini? 
(/Iww. Pharnu 70, 251), It. SchwavK (Ann. Pharm. 70, .54), Eower {Ann. Pfiann, 
74, Donaldson (./. C/tm, nu'uL 27, Gtl ; Livh. Kupp. 1851, (M7), 

Mwlder (Lkb, Kopp. Jahrasber. 1H50, 014), Ntiubanrr {N. Ih\ Arnh. 72, 270)» 
“Wortlnir (/, pr. C/tmi, 74, 073), J^owonOml {J. pr. VJtvm. 77, 33(»)> Sohilf (Ann* 
PhdTW, 104, 330. 112, OGB), BrUo'ko (C/uo/n Vvnir. 1H5K, 705.--- ) 800,231), Buignet 

(N* Ann. CMm. P/i(/n. 01, , 240), and t;luMuU.hot*it,i(^H(pioU!d nitdor mil k-sugn,r (|t.223)* 

When a solution eontahisno optma,lly lud.lve Hiibslia,n<5e liesides glti- 
(50Re, or only cu.m^-sugar in addition, tlm (juantity of ilextro-ghkioso 
present may be <h Minced from its rohitory })o\vm’ ncconling to p, 246. 
Or, a,s in the (.‘as<5 of cane-sugar (p. 24*8), t4u5 (|ua,ntity of ea,rhonio 
acid fonned by fennentaJiou is determimML On tho dnUTminutioa of sngar 
in diabetic urino by fcrnunilation, st-c al.s«) IMckn (Ann, Pharm, 00, 87 and 100); by 
tb« opticttltest, Biot (Compi. rand. 15, 033), Lespinn (Oompt, mid, 20, 305), R(!blqiiet' 
(Compt. rend. 43, 020), Listing (Ann. Pharm. 00, 03 and 100), al8(» llmidbuch viii, 
Zoochem. 380; by tbe depth of coloration produced on boiling tho urino with potash- 
icy, Gurrod {Pharm.’ J. Tranii. 17, 201). ’ 

Properties* From alcohol of 95 per cent. (Dubrunfaut, Couipt. re.mL 
28, 42), orfromstrong’cr ak5ohol(0. Schmidt), anliydrous (li5xtro-ro(,atory 
glucose is deposited in crystals. Microscopic, Bhaiiily doliijtfd iieeillt*s^ 
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which melt at 146° to a colourless transparent mass. (0. Schmidt.) The 
crystals frequently contain small quantities of hydrated glucose mixed 
with them. (Schmidt.) Anhydrous glucose is obtained as a white i)owdor 
by heating bihydrated glucose to 66^ or 60° in a stream of air ; as a 
melted, transparent, amorphous mass, by heating the bihydrate to 
100°.— Its taste is less sweet than that of cane-sugar; in tlui Holi<l 
state, it is mealy as well as sweet. According to Front, ^ pts. 
glucose, — according to Dubrimfaut, 2 pts.— glucose sweetens as much 
as 1 pt. cane-sugar. (See also hydrated glucose, p. 323,) 

Molecular rotatory power towards the right, slightly variable' 
between the temperatures of 18° and 80°, for \a]j = 58'2° 

(Pubrunfaut), 57*44° (Bechamp), 55*15° (IPastour, according to his deter- 
mination of the rotation of the chloride-of-sodiiim compound), 57*0° (0. Sohmidt), 

56° (Berthelot) : hence for C^’^IPO^“,2J10 [a]; = 48° (Dubmnrant), 
52*03° (Bechamp). See also Biot, p. 310. A frcsldy prepared solu- 
tion of hydrated glucose (and also of the crystals of anhydrous glucose 
obtained from absolute alcohol : 0. Bchmidt), or of deliydrated glucose 
prepared without fusion, shows a molecular rofcfitory power equal to 
twice the above, but it gradually sinks to this point and tljcu remains 
constant (Diibrunfaut, Pasteur); but if the glucose has been dehydrated 
by fusion, its solution, even when freshly prepared, possesses the same 
rotatory power as that acquired, after long standing, by a solution of 
the crystals (Bechamp, Dubrunfant). Dubrimfaut distinguishes the 
glucose contained in a freshly prepared solution as gimme hh'otatom* 
The solution of the crystals in wood-spirit retains its greater rotatory 
power for a longer time than the aqueous solution, so tliat for 
there is found [a]/ = 106*4°, or for C^^IP0^^21I0 [a] j = 9G° ; the 
rotatory power of the aqueous solution quickly falls, so that the shorter 
the time that elapses between solution and observation, the nearer is it 
found to this number. (Dubrunfaut.) The diminution of rotatory 
power takes place slowly at 0° (E, 0. Erdmann) ; it is complete in 24 
horns at the common temperature, or in a few minutes at tlie boiling 
point. (Dubrunfaut.) It is hastened also by addition of hydrochloric 
acid, (E. 0. Erdmann.) — (Dubrimfaut, Go7upt. rend. 23, 42 ; N. Avwn 
Chm. Fhys. 18, 99. — Oompt. rc?id42, 228 and 739. — Pasteur, Ah Ann, 
Clim. Phjs, 31, 95. — E. 0. Erdmann, Lich. Kopp, jahmher. 1855, 671. 
— Bechamp, Oompt, 42, G40 and 808.) — The fusion of glucose 
does not occasion any diminution of its rotatory power, exeept the dis- 
appearance of the bi-rotation. (Y entzke, /, pr, Chem, 25, 78.) 

Bruaner. 0. Sdimidt. 

100. mean, mean* 

12 C 72 .... 40*00 S9*97 30'86 

12 H 12 .... 6-67 6-<J9 6*S7 

12 O 96 .... 53*33 53-34 53*27 

CJ2BP-D12 180 .... 100*00 100*00 100*0~ 

Schmidt examined glncose prepared from honey, salidn, and amygdalin, which had 
been crystallised from alcohol of 97 p. c. The crystals, after being dried in vacuo, lost 
about 1 p. c. of their weight at 110% owing to the admixture of a small quantity of 
hydrated glucose. The composition of dextro-rotatory glucose was established by 
Prout’B and Saussure's analyses of hydrated glucose; Liebig (Ann. Fkarm. 9, 23) 
deduced the formula from the decomposition of glucose in fermentation* Conflicting 
views concerning the formula: Brunner (Ann, Fharm* 14, 303 ; 3L 195h Blondeau 
de Carolles (A pr, Chm* 33, 449j. 
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Decompodtioiis, 1. When glucose dried at 110° is heated to 170'\ it 
gives off 2 at* water, becoming more or less colonrcid, ami is coinas’ted 
into ghicosan mixed with a little unaltered glucoses aud cjiranu'.l Chilis, 
Compt, rmcl 51, 831). ltl)ecomos brown wluai luxated Tor a loiigtiiiK; to 
150"', and is then hygroscopic after cooling ((h Schmidt)* Ihdiwca'n^ 210° 
and 220“^ it sw(dls up niorcj than cane-sugar, giv(?B off a luirge.r <jiia.id by of 
water, aud yields caraimd (.P('.ligot). TIie})rodnctH foniKsl Jitlngli banpc!- 
ratures a, re similar to those obtained from (‘.ane-siigar ([>. 2'bS), but are 
somewhat more fusibks more easily S(dublo in water, and k\ss soluble 
in alcohol. Alcohol tak(?s up scarcely anything from g]ncose-ca,ram(‘l ; 
absolute alcohol throws down, from the aqueous solution, a^ mixtures of 
substances in tin; form of a black syru[), wbicJi becomes moist in tlui 
air, and gives precipitates of varying composition with, salts of hmd 
or bai'yta. Canmielin (p* 298) from glucose is also obtained in thre(^ 
states, and is dissolv'cd by lung contsud with water, (O'cn wilhont 
boiling. (Gelis, A'. iV/.//.s\ 52, 33(5.) — by beating gluceso 

in a sealed tube, tbere is obtained, together with other siilistatnu's, a 
liquid which absorbs oxygen and niti'ogcn froin tlic air with great 
avidity (P. Theiiard, Compt. rend, 52, 795). 

2. Glucose froths up in the open linn (n’olv(‘s a smdl of burnt sugar, 
and burns away with lla,me. — 8. Gliieosi^, inix(Ml wilh spongy phiil- 
num, behav(^s lilo^ cn,m‘.-snga.r (j>. 251) wlum luuibal (hniijrii. is passtal 
over it (lleiset k, J\lillon, Ah Ann. (7/inf. J7i/p\ <S, 25<S). Aipioous glu- 
cose in contaed with platinnm-spoiig'<\ do(‘s not. absorb oxygen ; bid, if 
potasb-ley is also a-d(l<‘d, it bt'cmues hcjibal, tmd is oxidised l,o (‘urbonic 
aeiil and water (Dbbercfnuu*, «/. j>r. (d/an. 29. 458). It yiehls formic 
acid wluvn luaiUal with idiro/nn) add and sul[>hin’u*. aic/ul, or with, yfvwk/tj 
of imingunem ami sulphuric*, add (lliim^fdd, d.pr, (Jhan, 7, 44), Atnusons 
glucose dotis not alUn* bwhroniaie of poUidi \Aio.n h(uded with it; its 
prt‘scnc‘-e oven provimis the oet'.nrrem.ai of the plumoniena ocisunshuu'd 
by solution of caue-suga,r in bichromate of potash (p. 25 1). (Iteicb, 

,/. pr. Cdian, 48, 72.) 3oo al«o llorsky (/. pr. (mem. 03, 320) |ly distilling 

1 pt, ghicoBO with 1 pt. oil of vitriol, I pt. p(n’oxid(5 of mangiuu*S(t, and 
30 pis, water, a distillate is obtained which exhibits th(^ naudions of 
aldeliyde, and |)OSHesseB also the Himllof ac.rohnu (IVmbig, yl/u/. Il/nr/n* 
118 , 116). — (Uue.oHi^ is not altenal by boiling with peroxid(M>r msuigur 
lUiBO alone (Stiinmbcu'g, Ann. Vl/nrin. 29, 291), mMllnu* is it allennl by 
perni/iuffiwata of pot, ml/. (Mbnier, (lonij/t. rend. 46, 425). — It (aJo,*H lii’o 
wlum iriturabjd with 6 pis. pemnde of (aid (bhlt,g(!r). On a.dding 
small <|uantHii(‘s of gluc(m(‘. to a. Ijoiling [mlp of pfU’Oxide of haid smd. 
water, carbonate and rormihite of )(*a,d are obtained, (b*IlAO‘'’^d- 
l(5l,8KP = 4C“lIdd){P + 4PbO,(,KP + 81M)0 + 3110, A Imily wlncli 
attacks the eyes aud nose is formeil a.t the same (ime (Siiirenlxng). 

4. GIucoho behaves like milk-Hugai"(p*219) wlum its apmotm Bolntkn 
is heated (Iloppc). — The rotatory ])ower of tlm aipieous Bclutfon does 
not alter by standing for ten montlm (M'amncme, Compt r&ml 89, 
010)- A concentrateti aqvH'.miM solution becomes yellow wlien Ik, teal 
in a eblori<huof-s(.)dium bath, lint its rotatory ]) 0 wer is hardly altered 
in 40 to 80 iiours (Soiibelran, N. J. Fham. 1, 92). 

5. Its acpicous solution mixed with 1 at, liicarboiiaG' of iiotaHh 
and then with 1 at» aud warned^ yields iodoform (Milion, 
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Compt mirL 21, 828; J. pr. Chem. 37, 53). — 6. Heated in a sealed 
tube with Iro^nine in pi'esence of water, it yields hydro brojuic acid, a 
dark-brown liquid, and humus-like iiroducts (Barth & lllasiMmt^). — « 

7. Chlorine converts glucose into a brown or black mass containing* 
caramelin (p. 262). (Maninene, Compt rend. 30, 314.) Mchloride of 
tin acts upon glucose in the same way as upon cane- sugar (Ataumcne, 
Coiivpt. rend. 39, 422). 

8. Fuming nitric acid converts glucose into nitro-glucose (Flores 
Domonte & Alenard, Compt. rend. 24, 80). — ^AVhen heated with com- 
mon, or moderately diluted, nitric acid, glucose yields saccharic acid 
(Heintz) and oxalic acid, but no tartaric acid (Liebig). 

9. By heating glucose with syrupy aqueous acid to 140°, 

a small quantity of a saccharide (p. 317) is obtained (Berthelot, dSf. Ami. 
Chm. Fhjs. 54, 81). 

10. Glucose dissolves without coloration when triturated witli cold 
oil of vitriol (P. Boullay, J. Fliarm. 16, 172), forming gliicoso-sulphuric 
acid (Peligot, Ami. CMm. Flips. 67, 168). It chars when gently heated 
with 4 pts. oil of vitriol, and evolves carbonic oxide and carbonic acid 
gases (Filliol, A7. J. Fliarm. 8, 100). — When glucose is boiled witli 
dilute sulphuric acid, the liquid becomes brown and yields a deposit of 
ulmin and ulmic acid more quickly than when cane-sugar is used (Mala- 
guti), less quickly (Boucliardat) ; when air has access, formic acid is 
also prodneed (Malaguti, Ann. Chm. Flips. 54, 417). Coloration occurs 
quickly with glucose from inverse sugar, more slowly with that from 
grapes, and in not less than six houi’s in that from starch (Boucliardat, 
J. Fliarm. 21, 627). — 11. Glucose long boiled with hjdroclilork acid 
becomes unfermentable (Bodeker, Ann. Fliarm. 117, 111). — 12. When 
heated with aqueous iodic acid, it is slowly decomposed into carbonic 
acid and water (Millon, if. Ann. Chim. Flips. 13, 37). — 13. Mixed with 
water and an equal quantity of arsenic acid, and exposed to the sun, it 
becomes red or brown after three or four days (Bottger, if. Br. Arch, 
17, 185). — 14. Honey behaves with oxalic acidm the same way ns cane- 
sugar (Dobereiner, Ann. Fharm. 2, 338). — 15. Tlio rotatory power of 
aqueous glucose is but very slightly altered by long heating in a chlo- 
ride-of -sodium bath with acetic acid (Soubeirau). 

16. By heating dextro-gluoosc with (organic) acids, compoiviulB 
arc formed, with elimination of water, which belong to the class of 
Saccharides, and possess no longer the properties of the acid and of 
sugar, but are capable of breaking up again, by assimilating water, 
into the acid and dextro-glucose (Berthelot). 

Berthelof s class of Saccharides comprehends all bodies formed in 
the way above mentioned from the sugars properly so-called. Accord- 
ingly, not only dextro-glucose, but Imvo-glucose, maltose, and lactose 
(inosite, eucalin, sorbite) can enter into the composition of Baccharides. 
If they are prepared with cane-sugar or with trehalose, instead of with 
dextro-glucose, compoimds ai’o formed which are either identical with 
the dextro-gluGosides — * their formation taking place under circum- 
stances under which cane-sugar is partially, trehalose completely, con- 
verted into dextro-glucose — ^ or, at least, behave in the same way so 
fax as they have been hitherto examined. — Berthelot further places in 
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tliis class, compOTOids'of starch, dextrin, cellixloso, &c,, snch, for instance, 
as xyloidin and pyroxylin. He then subdivides the sacc.haiides into 
— gIucosuh% OY those j'lrodnccd from dcxtro-,'j,‘hu*-(x>so ; huidosidef!, from 
Imvo-gincoso (lanm-rotatory fruit-sugar); f/(d((ef.</sid&^y from lactose; 
and inoside.9, from inositc. [in this work, the first two classes will he spoken of as 
dexiro- and Icavo-glucoftides whenever it is necessary to distinguish between tliem.] Ab 
to how far the naturally-occniTing bitt(‘r prluciploB (]jarircm(:/B ///aros- 
aMuh^) ought to 1)0 considered as belonging to one of these subdi- 
visious, sec below. 

The formation of the saccharides occurs for the most part l)y long 
contact at 100° or 120°; with some kinds of sugar, as with trolialoso, 
the temperature may bo raised as high as 180°. Only a part of the 
sugar thus outers into combination. — They arc decomf)osible into thtar 
constituents under the same conditions as the fats, but willi gr(\at,(vr 
difficulty. Water scarcely acts upon them at 100°; at higher tetnpo- 
ratiires the sugar itself would ho destroyed. OoutinnouB l)oiling with, 
dilute acids decomposes thorn com])letoly into the original acid and 
fermentable sugar; part of the latter, however, (3a-sily uiuhxrgoc's a 
a further decomposition into glucic acfid and humus-like l)odi{‘s. Some 
saccharides suffer decomposition by contact witli ferments. 

The saccliarides, like the natural iats, iiiv. soluble iti wafxu* wlum 
they contain a volatile acid; insoluble when ilu'y contain. U/ fix,(al acid. 
The soluble sacelnirules have an (^xtra, ordinarily bittc.r taisln; tln^y 
deflect the plane of i)<)larisatl()n, in the sa,me diiuc.iion a.s (lu^ sugar 
from which they arc derived; none of them ar(‘ volatile, but iu Sfnno 
cases tbey omit a peculiar smell, wliicb is developed by wanning (Ber- 
thclot). 

The following general acoonnt of the Hacoharitles of dcxtro-glucoffe, Berthelot's 
plusoaideH, is taken from llerthdot's Ohimic organiqus fimdM mr la Bpnlhhn (Paris, 
1860), 2,271. It (sontnins the general formula: of the saccharides of clextro -glucose, 
as well as of the similar kinds of sugar, both such as liave been actually* prepared, and 
those whose existenco must be assumed as probable. Tho examples are taken from the 
compounds of milk-sugar, starch, etc., in those cases in which the corresponding com- 
pounds of dcxtro-glucoso are unknown. 

The saccharides of dexiro-glucoso are either mono-^ ?/!-, frr-, or 
mmtrimccharuk^j according as they ar(3 dorivtul from 1, 2, 3, or 4 ab 
doxtro-glucosc (or, according* to Bcrihcloi, from an C((na,l nmnborcr 
atoms of gkummi, p. *U>0). Emdi of ificsc tliviHicns is furl, her 

divisible into various claHHCs, a(‘, cording as the glm*, 0 Hc is cmnbitmd with 
1, 2, or more atoms of acid, and into various snb-tdasses muuH’ding as 
the compounds are formed with elimination of 1,2, or wore double 
atoms ox water. 

S denotes 1 at, dextro- glucose after separation of 2 at* water, or 1 at, glwcosan : 
in cases where the compouud of dextro -glucose is unknown, it stands for I at, of a 
corresponding carbohydrate. — A denotes 1 atom of a monobasic acid ; I atom, of 
a bibasic acid ; and //, 1 atom of water, 

Monosaochandes, — a. Class I. 5 + 2 J£ Formed by the com- 

bination of 1 at. glucosam with 1 at, acid, with elimination of 2 at. 
water, No compounds of this class are as yet known, .A correspond- 
ing compound of starch is xyloidin, according to X’elouze^s formula 
(p. 107). C«1W,N0« O'H w + N0®;H0 - 2HO. 
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Class IL 5' + 2JL — AR. Here belong bistearo-glucose, bi- 
butyro-glucose andbibenzo-glucose; also glucoso-bitartaric acid (p. 259) 
formed from the bibasio tartaric acid according to /S' + 2i? *- 4//. 

r/. Class III. ;S + 3^ — Gi7. Hitherto not prepared. Assuming 
Strccker’s foimula for gallo-tannic acid as correct, this body may be 
taken as an example of a naturally occurring gliicoside of this class. 

(gallic acid) - 6lI0. 

5, Class IT. ITo saccharides of monobasic acids foi'med according 

to /S' 4A — 8 jH are known, but gluco-tetratartaric acid, foimred from 
bibasic tartaric acid according to /S' + 4-S ■— SAT, belongs to this 
class, and also, among the compounds of (the hypothetical) gallactosan 
(milk-sugar — HO = Berthelot’s acide galactoso-tetratnrtrique. 

Comp. p. 222. (If, with Berthclot, we derive the compounds there 
spoken of from gallactosan, their formulae become : — a. acide gallactoso- 
tetrataTtrique^ C^^H®”0®* = -f 4C®IPO^^ — 4ITO ; — 1). adde ifn- 

gallactoso-tetratartrique^ C®®H^®0’® = -f 4C®1P0'® — 8110.) 

6. Class Y. /S^ -4- 5A — 10//. None prepared hitherto. 

f. Glass YI. /S + 6A — 12/J. Scxaceto-glucose, C®®H®®0®^ =: 
QwgioOio 4 - GO^IPO^ — 12HO. Gluco-sexacitrio acid, formed from tor- 
basic citric acid according to /S + 6B' — 2// (thus : C^^IP^O®^ = 
4- 6C^®H®0^* — 2HO), also belongs to this place. 

The Imccharidesy which are similarly divisible into classes, have not 
hitherto been obtained. The tmacclmides of the first class, wliioh 
would be formed according to 3 /S' 4- A — 4i/, are perhaps represented 
by jalapin [C®®H«0®=^== 3C^^ff®0i®4- C®®®0® (jalapinolio acid)-^4H01 
and by convolvulin [C^^H^^O®^ = SC^^H^^O^'^ 4 (oonvolvxilinio 

acid) — 4H0.] T!h.e fourth class of tersaccharides is represented by tri- 
galacto-tetratartaric acid (pp. 222 and 318). Among quadrisaccharuks, 
4/S 4- ~ 2/r, Bcrthelot ranks glucoso- sulphuric acid. 


17. Gaseous ammonia passed over dextro-glucose which is heated 
in a water-bath, or to 110°, is enegetically absoihcd, wat(}r holding 
carbonate of ammonia in solution distilling over, while a brown, tasto- 
Jess, nitrogenous residue remains, (P. Thdnard, Bull Bog, Chlm, Paris, 
1861, 40; abstr. Compt. rend, 52, 444 ; Bep, Ohm, pure, 3, 207.) 

On pouring upon the residue 20 pts. alcohol of 38°, it separates 
into an insoluble brown pesiduo and a solution. T4e former, after 
being washed alcohol of 40° and dried in yaouo, contamB r)2'2B 
p. c. 0., 6’38 H., 9*94 N., and 81’4p 0., corresponding, according to 
Thdnard, with the formula (calculation 51-79 p. of C\, 

6-47 IL, 10*06 N., and 31*68 0.). It does not evolve ammonia whcni 
boiled with pptash ley ; and when heated with potash-ley and hydrate 
of baryta to 120°, only as much as corresponds to a small part of the 
nitrogen it contains, forming at the same time a nitrogenous humous 
substance. It dissolves in water, aqueous acids and alkalis, gives 
rapidly alterable precipitates with platinum- and merotuwrsalts, and 
reduces ammoniacal copper-salts. (P, Th^nard.) 


18. Glucose is de(wmposed by Icmg contact with dMk dhaUm 
earths, ^namm.e metalUo ondes, forming gludc acid. (Pelitmt.) Whoix 
glucose is heated with potash’leg, the '‘ solution becomes dark-browny 
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evolves a smell of caramel (Lowitz, Ilcjllcr), and contains, besides g-lnoic 
acid, Peligot’s rn el as sic acid. 

When an alkaline solution of lime in aqueous glucose is allowed to 
stand for some time, it loses its alkaline reaction and its pow(.u’ of 
giving a precipitate witli carbonic aci<l. If tlio lime is removed by 
means of oxalic acid, a sour un fermentable liipiid remains, (jontuining 
glucic acid togetlicr witli unaltered sugar, (Pcligot,) H air is 
excluded, lime forms only a small quantity of glucic acid from glucose 
in 14 days, at tlio same temperature, (Bcrfiernis, Jahresher, 18, 27!).) 
In solutions containing alkaline carbotiatcs, glucose disa]q)ears, wlieu 
exposed to the air, more quickly in proportion as they arc more dilute, 
(Barreswil, jV. J. Fharm. 17, 121 ; J'. pr. Ghein, 50, 140.) 

Glucose is coloured brown when heated with, alkaline carbonates, 
or with ammonia, in the same way as by potash-loy, but not when 
heated with alkaline bicarbonates, ((/ottereau, J. chm, mid B2, 39*) 
The alkaline reaction bf potash-ley is completely destroyed when it is 
heated with a sufficient mxantity of glucose (I lochs totter, J, pr. Cliem. 
29, 37)5 when 1 at. glucose is present for each atom of alkali. 
(Dubrimfaut, Compt. rend, 32, 249.) No formic acid is produced in this 
reaction. (Mathey, I{. Br, Arch. 72, 289.) 

On boiling glucose with baryta- water out of contact with air, a 
colourless (listillato is obtained, whiclu, contains acetone. The soluiaf)n, 
which is at first wino-ycsllow, lKX‘'.omcs dark brown by (dnilliiion, holds 
in solution a brown snbstaiuje, glucato of baryta, ami a baryta-salt 
whence aceto-formic aci<l (0®IP0",2ll()) may be ebtaimMl by distillaliou 
with sul|)hiiric acid. (Knwali<n’, Akad. Jkr, 30, 159 ; J, pr. 

Ohm. 74, 28; Che^ti,. Qaz. 1<S58, 421.) On adding to gliicos <3 whicli is 
kept melted in a water-bath, a hot sat.uvated sohitioti of baryta (or 
potash- or soda-ley), a viokmt action takm place, lu^at is disemgaged 
and steam evolved, while the mass bccomoB brown, but still however, 
contains ]>rincipally glucic acid. If the heat is continued, tlu^ mass 
becomes black, and hydrocliloric acid then precipitates from its acpieous 
solution, black flocks of melassic acid, which dissolve easily in iilc^ohol 
and contain 6P9 p. c. 0., 5*30 IL, and 32*75 0. (ik3ligot.) PdiKoi/s opinion 
that this acid, (calculation : 61*54 p. c. C., 4*27 IL), ia identical "with 

japonic acid from catechu {Po^^. 3^, 161 )docs not accord witli the analyst-u. 
pfK.jl Besidos this, a volatile body is also fonnod, which easily reduct 3 S 
^ilver-aalte. (Feligot.) 

19, A thick syrup of glucose dmiilled “with Um ykslds an fill, from 
which metactdxmo and plmrone (xiii, 342) can b<H>{)iain(Ml l)y fractitmal 
distillation. (Lies-Bodart, Oowpt, nmd. 43, 394; Ann. Pknml lOB, 354.) 

20. Aqueous glucose heated with fdtrnte of hari/ia io 180^, b)r 48 
bours, in a sealed tuba, yields a body whkdi is insoluble in water and 
contains a small quantity of Tiitrogon ? wlillo an acid, colourlcsg goln*^ 
tion remains, wbMi quickly colours in the air, and con tmuS' neither 
nitric acid nor ammonia, but evolves a large <imntity of ammonia wlmn 
fused at a red heat with hydrate of baryta. (P. Tiynard^^ BuB., Bm, 
Ohm Fari% 1861, 61 ; Oompt, rend. 52, 795.) , " ' 

, 21. By heating aejueous glucose .with aqueous 'carbonate of soda 
and hask'nitmm'qf b^utky a blacfcbrowu '' wqild and ^ grayish-brown 
precipitate Are , obtained (Bbttgcr, P^drw*''22, 19). 0k«»a 
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can be detected in cane-sugar or in urine by means of this reaction (Bbttger, /. pr. Ghem. 
70, 432 ; N. J. Pharm. 32, 371). 

22. Crystallised gliicosoj evaporated with excess of oxide of leadj 
loses 11*14 p.c. (10*4 p.c. according to Guerin-Varry) of its weight, 
but the residue is brown and smells of burnt sugar (berzoliUH).^ A 
mixture of crystallised gducoso with oxide of lca,d loses^ in wmght 
28 p. c, at lid®, the sugar being converted into mclassic acid(Peligol). 

23. Ferric sulphate and chloride arc reduced to ferrous salts by boil- 
ing with aqueous glucose (Ilunefeld, Ji yr. Cliem. 7, 44). — Ferric 
hydrate is reduced in the cold, still more easily on boiling (Kuhlmanii, 
Compt. rend. 49, 257). An aqueous mixture of 6 pts. tartaric acid, 
240 pts. crystallised carbonate of soda, and 5 or G parts crystallised 
ferric chloride, if heated to boiling, filtered hot, and then mixed with 
glucose, becomes darker coloured and deposits a precijiitato contain- 
ing ferrous oxide (Ldwcuthal, J. pr. Chem. 73, 71). — 24. A coiicon- 
trated solution of gducose mixed with nitrate of cohalt and a small quan- 
tity of fused caustic potash, remains clear on boiling, or, if very con- 
centrated, deposits a light-brown precipitate (Itcicli). The presence of 
glucose in a solution of cane-sugar prevents the production of the violet-bluo precipitate 
which solutions of pure cane-sugar give with solutions of cobalt and potash (Reich, 
J. pr. Chem. 43, 72). 

25. Honey evolves carbonic acid when brought in contact with 
freshly precipitated hydrate of cupric oxide in the cold, and separates 
cuprous oxide, whence humus may be extracted by carbonate of soda. 
The same decomposition takes place more rapidly, but with separation 
of metal, when the mixture is heated (Busch, Ann. Plicmn. 4, 57). 
Glucose behaves like cane-sugar when boiled with cupric hydrate and 
a small quantity of potash, excep>t that reduction takes place more 
quickly (Bold, pr. Chem. 63, 3C1). — A concentrated solution of glu- 
cose, mixed with an equal quantity of sulphate of copper, acquires an 
emerald-green colour when warmed, and deposits metallic copper, while 
the supernatant liquid at last becomes brown (Pohl, J. p*. Chem. 03, 
361). Honey reduces metallic copper from cupric sulphate or nitrate 
when heated, dichloride of copper from cupric chloride (Buclinor, liepert 
2, 1). — An aqueous solution of glucose mixed potash-ky and tlien 
with cupic sulphate, dissolves the cupric hydrate which separates at 
first, with a deep blue colour, and deposits cuprous oxide, after sonio 
time in the cold, immediately if heated. The production of this pre- 
cipitate makes it possible to detect and distinguish from cane-sugar, 
starch, or gum, glucose; by the reddish coloration of tho 

solution, glucose can bo detected (Trommor, Ann, Pharm. 

39, 361). Comp. Guibourt (iv. J. Pharm. 13, 263). Carbonic acid is formed 
during the reduction (also formic acid when tho sugar is in excess), 
together with a peculiar acid, resembling humic acid, which remains 
in combination with the alkali (Mathey, JF. Br. Arch. 72, 289). IJndcr 
the same conditions, 1 at. glucose reduces 5 at. cuprous oxide (formed 
from 10 at. cupric oxide) from a solution of cupric sulphate mixed 
with a sufScient quantity of tartaric acid and then with potash, — a 
solution spoken of in this Handbook as potassio-tartrate of copper or 
potassio-cupnc tartrate (Comp. p. 313). 

Honey, in contact with a saturated solution of verdigris in vinegar, 
pauses, in the cold, an evolution of carbonic acid which begins after 
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12 lionrs and lasts for several days, and at tlie same time (wliotlier In 
the dark or in snnliftdit) separation of inctallic copper mixed with a 
little dioxide. Cupric acetate, when boiled with, lioncy, is reduced 
only to dioxide, which is precipitated, for the most })art mixed witli 
hurnus-likc snhstaiiccs. A. little dioxide renuiins dissolved, even when 
all the acetic acid has been volatilised by long* boiling; it must tlierc- 
forc be in combination with a non-volatih^ acid, probably luunic acid, 
which exists also in the old oxynel aenigim (Jhisch). According to 
Buchner, honey precipitates cupric acetate only under tlu', iufluejujc of 
light, or on boiling. See also Vogel {Schw. 5, 80) ; Baumann (V. Br. Arch. 37» 
47). 

26. Mercurous nitrate is not altered by aqueous glucoso at 100'^ 
(Baumann). — 27. Glucose throws down ni('tallic silver from a(]ueous 
nitrate of silver, as a black ])recipitatc, on boiling; from aqueonB am- 
monio-nitrate of silver, a,s a dirty-grey precipitate (Baumauii). Ammo- 
niacal glucose throws down silveu* as a mcl.allic mirroi’ from aqueouB 
silver-salts, in the cold or when lu'ated (Liebig). The metal is also 
separated when a mixcul solution of uiirah^ of silver and glucoso is 
allowed to stand for 1-i (hiys (Schwertfegia-, J'afirb. p)\ .Pharni. 7, 292). 
A solutiou of glucose, mixed with enrbonah^ of sodjq or with potash- 
le^y, reduces ehlorid(M)f sihando llie nnhallic. stat{M)u l)oiling; it r(Hlnces 
caihonatc of silv(.‘r (weii at CM' — 70” (S(^liiiT, d/nn ZV/n/v/n 109, 6H). 
On heating glue,os(^ with oxid(^ of silvt'r juid potasli-h^y, oxiilie, acid is 
formed (Li(d)ig, Phanu. Ill), 12). -—27. Gliic.osc^ is not cJuuigcd 
by ebullition with iKpioous bichloride o/jdaliiiain (Baunuiun). 

28. If solution of glucose, mixed with, iiidujo, or with, solution of 
indigo, is boih'd, and carhonatc of soda. <lrop}Knl, in, the liquid is dc- 
coloriscid by the conversion of the iudigo-bluc into iudigo-whito 
(E. M'ulder, A. Jir. Arch. 95, 268). 

29. An aqueous solution of 1 pt. redprumaleof potash mixunl with 
Jpt. potash-hydrate, aaid 1 mated to GO" or 80”, is decoloriwHl when 
aqueous gducoso is drojipcd in. Iiiv{n,‘sc sug^ar b('Iiav('\M in {,he Hanu* 
way, but emm-sugar and dextrin, prepared l)y roasiiiig (th<^ hitler not 
even after being boihid for a short lime with arids) ih) not diU'.olonHo 
the Bolntiom 100 cc. of a solution containing in Unit l)ulk 10*98 grins, 
red prussiato of jiotash and 51 gnus, potash -hydrate Is deiuilorisinl liy 
the inverB(‘-Kuga.r formed from .1 grm. of camssugar ((h'nlde, PiuyL 
152, 68; (Jhem, (Jcutr. 1859, 501; Kup/Cs Marsber. ,1859, 698), (tentdia 
employs this rendlou for Oie (Iclormiuatum of ghicoso lual invemc «tignr. Aoc. 
cit,; further Stammer’^ ohjecOrms {I>hi(/L I5H, •1(1; C/icnk Outfr* IHfiO, H70), luicl 
Owitele's reply {BinyL 158, 427; Chom. Cvnlr. IHOl, ill), 8co uIho p, 308)« 

30. Boxtro-glucose is ea])ahl(,i of undergoing mow fermmttMlon 

(p. 265). — ^It is not thereby first conv<n*ted into another kind of 
sugar, certainly not into Imvo-ghicose ; for ilio liiphd has, at every 
stage of the process, a dextro-rotatory power proportional to ilio 
quantity of gdiicosc contaimnl in it, and yiidds laystals of glucose by 
evaporation (Veiit/kc, J. pr. (Ihein. 25, 78; Mitscherlioh, Pogg. 59, 94; 
Ah J. PZium. 4, 216 ; Dubrimfanfc, N. Amu Ohm. PJnjB. 21, 171). — ^ 
31, In the (p* 276) of dextro-glucoHe, the rotatory 

power diminishes constantly in th(3 |>roportion corresponding to the 
quantity of acid formed (Dubrnnfant, N. Ann. (Jhim. Fhjs. 21, 175)* — 

VOL, XV. y 
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Enjthrozym acts on glucose in the same way as upon sugar (Sclmnck, 
E p\ Ghm. 63, 222. — See also p, 2G7). 

Left to itself in contact with chalk and cheese (gelatin, or other 
nitrogenous animal siThstancGs) atdO^ for weeks or inontlis, an aqnoons 
solntion of glucose is capable, according to Berthelot, of nndergoing a 
decomposition, different from fermontatiem properly so-called which 
takes place under the infliionce of yeast, whereby the nitrogenous sub- 
stance, as well as tbe sugar, suffers decomposition, and nitrogen, 
carbonic acid, and hydrogen, arc evolved, while alcohol, and bntyrate 
and lactate of lime are fonned. Yeast is not produced under those 
chcumstances, unless air has access to the liqnid. In other cases, cells 
resembling yeast make tbeir appearance, without any alcohol being pro- 
duced ; so that, under these particular conditions, yeast and alcohol 
are independent of each other. The chalk may bo replaced by many 
other carbonates. — 50 grins, ghicosc, 800'grras. water, 50 grins, chalk 
and 20 grms. cheese, left to stand at the mean temperature, produced 
at first lactate of lime, but after 5 months tins liad disappeared, and 
the liquid contained butyrate of lime and a quantity of alcohol, amount- 
ing to 2 p, c, of the glucose used. Alcohol was also formed after 
addition of fatty oil, or of oil of turpentine, but there was no lactate of 
lime ; addition of sulphide of carbon prevented the destruction of tlie 
sugar. — A mixture of 1 pt. glucose, 10 pts. water, \ pt. cheese, and 
1 pt. magnesia alba contained, after 5 months, alcohol, lactate, and a 
small quantity of butyrate of lime, the sugar being completely 
destroyed. In this and in some of the following cases, it remained 
doubtful whether or not yeast was formed. The same products were 
formed when an equal quantity of carbonate of baryta was used 
instead of the magnesia. Alcohol was obtained when the carbonates of 
zinc, manganese, iron, nickel, and lead, or peroxide of manganese, 
oxide of zinc, cupric oxide, metallic iron, or metallic zinc were used 
instead of the magnesia ; with oxide of lead and carbonate of copper, 
no alcohol was obtained. Allvaliiie carbonates, or borate, phosphate, or 
hyposulphite of soda, added in equal quantity, did not prevent the pro- 
duction of alcohol. By caustic soda, the sugar was desiroyod without 
yielding alcohol ; with sulphite of soda or lime, it remained unaltered. 
When the magnesia was replaced by carbonate of ammonia, alcohol was 
foimed at the same time as a peculiar acid, the lime-salt of which was 
deliquescent, and contained at 110*^, 3G’6 p. c. carbon, 5*2 liydrogen, 
and 18*9 lime, nearly corresponding to the formula (Ber- 

thelot, iY Am. Ohim. Fhys, 50, 351. — See also p. 279.) 

32. If oil of vitriol is gradually added to aqueous solution of ox- 
gall, until the precipitate at first produced is re-dissolvcd, the liquid 
assumes, on addition of a small quantity of solution of glucose, a violet- 
red colour, similar to that of a solution of permanganate of potash. 
Cane-sugar and starch also act in the same way. (Pettenkofer, Asm. 
Eharm. 52, 90.) According to Pettenkofer, this reaction is applicable to the detec- 
tion of sugar in urine, and also in blood, after removal of albumin by boiling with 
alcohol. — Many other protein-compounds, likewise oil-fat, oil of almonds, 
and many other oils, behave like gall (M. S. Schultze, Arm, Eharm. 71, 
266.) The extractive matter of healthy urine emjployed in place of 
sug&, produces the same coloration, which may sometimes be obtained 
with bx-gall, oil of vitriol and a small quantity of water only. (Vgn 
den Broek, /. p*. Chenu 39, 3G2.) T. According to Schunck {mi Mug. 
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[4], 23, 179) the cxtractivo raattevs^ contained in healthy urine yield, 
■when docoinpoRcd iu actucons Holntioii by nicaiiB of strong' acidB, a 
sugar posscssitig the cou)])Ositionandsonieuf the properties of glucose, 
but uncrystalliscd and iusipid. 

Concerning the formation of fat from sugar by means of bile, see Iian(%' 

Inch, viii, ZeocAcm. 58 ; Mcrckd {Ann, Pfiarm, 59, 7i; J- pr. C/iem. 40, 118); 
Scliiel {A 7 m, Pharm. 58, <)G) ; Herzog (iV. Bi\ Arch, 47, 140). —On the decompo- 
sition of sugar by saliva see Haudduch, viii, Zoochem. 23 ; by the iiitcHtimil juice, 
idid. 92 ; by the pancreatic juice, ibid. 89, and during digestion, ibid. 580, and else- 
where. 

Conihviattons. With Water. — Melted glucose deliquesces at Urst when 
exposed to the air hy absorption of water (7’9 p. c. : (vucrin-Varry) and 
solidifies, as soon as the quantity of water is sulticient for the ionnation 
of crystals, to a crystalline, grauular mass. (Gehlcn, Mitsdiorlich). 
Glucose dried without btuug melted, absorbs uo water wluui (exposed to 
the air. (Bechamp, Cnmpt. rend. 42, 000).— The crystals of anhydrous 
glucose, obtained from ak'/diol, if dissolved in a small (puiiitity of water 
and evaporated over oil of vitriol, are found to have tah<si npaquauiity 
of water amouiitiug to only ;,)•! p. c. of their weight. Anhydrous gliujoso 
apiKUirs, theref(u;e, ca.pable of existing bu." soim^ ihnt^ iu jujue.ous solu- 
tion. (0. Sdimidt), An a([ueoiis solution (nsiporalcMl to a thin syrup 
solidilh^s (il'ier a, bev <lays f.o a gru,nula,r mass ; if c‘vaporjite<l. to a thick 
syrup, it doi.'S not solhlify, owing to tlu^ abs(mce of siiUlcimit watoi') 
tuiiil it has a1moii,)e(l more wabu* from, the a.ir. 

a. Mimodipdrated (jlnrcm. Aiitlion’s hiuul^eriji^failiml — Pre- 

pared en tlu^ nuiiint'aci uring scale ])y a proc(‘SS that is ki'pt secret, 
in tfm crystalliM<.hl state, air-dri(ul, it contaifis IIG, and does 

not (liininish iu wetight wlicii placiMl (,)V(vr oil of vitriol at 13®. (Anthon, 
Diiujl Inl, 213 ; (JhcM. Coitr. 1859, 289.) 

b. Pi-Ii//dr(de(l(jkmfte. Ori/sfalliml (jlucom. — Generally obtained iu 
white, opatpic, grannlar henusplunhjal or cauliflow(jt‘-sha}KHl masses, 
with (KxuiHionul Bhining surfaces. Tlu? crystals arc seem limit', r a- ma.g- 
nifying glass to be 0-sided tallies, whose lateral faix'S cut each other 
at angles of about 12()A They are n(.)t, like the similar erysials of 
lactose, pea-Rliapt'd and thicker in Ukj middlth and are not so hard 
as the latter, liutmorti brittle, and h'ss freqiu'ntly isola-ted and wtdi de- 
velopctL (ihiHtnnr, Voptpt.reud. 42, 349),-- Aliintifu'iiich obtainml on one 
occasion. tra.ns[)artmt wdl-fornmd erystals, as nnu*h as thf) millim. 
long (bbhydrated A), whicii, shewctl double rt'lVac.liom (Biot., Compt. 
TemL 23, 909).— Grates betwet'n tht' teolln Brittle, Hp. gr. I'38bL 
(Guerin). 

.B(3comeB soft, at 00'^', soft;er still al; 05”, losing a small quantity 
of water; at 70° it iKHumu'S doughy; at 90® — 100“ it deliquesces to a 
thin syruf), and loses in all 0'8 p, c. water. (GuOnn-Varrv). It melts 
between 70® and BO'^, if dried in vaouo betwet'n 90° and 100° (Bdchainp)t 
at 86° (0. Schmidt), loses 9 — 9T p. c. water (by calculation, 2 at. = 
93)9 p. c. water). (Peligot.) In a stream of dry air, it loses only hygro- 
scopic water at 50°, but between 55° and 60°, part of its water of 
crystallisation, and, if kept at this tempt^raturo for a few hours, it may 
be heated to 80® or 100® without melting. (Bechamp, CmnpL rend. 
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Saussure. Prout* Gw<5fitt* 

Crystals, from Grapes. fromHo'/iey. from Starch 

72 .... 36-36 36-n 36*36 36'30 

" 14 .... 7-07 6*73 7*07 7-2() 

112 .... 56*57 56-.51 5(5-57 5r)'50 

02;g[i2Qi2^2HO .... 198 •••• 100-00 100*00 100*00 100*00 

Many other chemists Iiave also analysed hi-hydrated glucose. 

c. Aqueom solution. — Amorplioiis melted glucose dissolves in water 
in. all proportions. (Bechainp.) — The concentrated solution lias not tlio 
elasticity and ropiness of cane-sugar syrup. Orystallised glucose dis- 
solves quickly at drst when co reread with water, but afterwards more 
slowly, so that the density of the solution beconu'S constant only after 
several clays’ standing, with frecpient shaking. The saturated solution 
contains 44-96 p. c. anhydrous glucose ; its sp. gr. at 15" is 1*206, at 
17*5° it is 1*2055. If powdered glucose is shaken witli a quantity of 
water insufficient for complete solution, the sp. gr. of the solution is 
1*201 after 36 houi-s, 1*202 after 50 hours, 1*205 after 74 hours, and 
1*206 after 98 hours, and remains constant at this point. Accordingly, 
at 16°, 1 pt. anhydrous glucose dissolves in 1*224 pts. water, 1 pt, 
monohydrated glucose in 1*119 pt. water, or 1 pt. bi-hy(.lratcd glucose 
in 1*022 pt. water; but glucose dissolves more freely if it contaiiiB 
foreign substances, and by dissolving hard-crystalliscd glucose in an 
equal quantity of (warm) water, a solution of sp. gr. 1*221 at 17*5° is 
obtained. (Anthon, Dmgl 151, 213 ; Chem. Cenir. 1859, 289.) The 
solution of 20 grms. crytallised glucose in -5^^ litre water cools the 
water 4° (Dubrinifaut, Gompt rend. 23, 42); 1*2 kilog. dissolved in 
2*5 kilogs. water cooled it 6°, and 210 grms. dissolved in 400 grms. 
water lowered its temperature 5*25®. (Pohl, Wmi. Almt Ber. G, 598.) 
—The specific gravity of solutions of glucose is about the stuncas that 
of solutions of cane-sugar containing equivalent quantities of sugar. 

Table of the quantities of Anh/drom Glucose cmtaincdrmaqneoiissoluti(ms 
of Glucose. Calculated by Pohl {Wim. Ahad. Ikr. 11, 664) from 
Grahaan, Hofmaian, & Eedwood’s dctcriniuationH 


Quantity of anliydr. 

Sp. gr. of 

Quantity of auhydr. 

Sp. gr. of 

glucose in 100 pts. solution. 

solution. 

glucose in 100 pts. solution. 

solution. 

2 

1*0072 

15 .. 

1*0616 

5 

1*0200 

17 

1*0693 

7 

1-0275 

20 ... . 

1*0831 

10 

1-0406 

22 . . 

1*0909 

12 

1-0480 

25 

1*1021 


With SalifiaWe Bas^. — Boxtro-ghcoRO forms witli tlio alkalis, 
alkaline earths, and oxide of lead, compounds win, ch arc more easily dtJ- 
composed than the coihpounds of cane-sugar. Aqueous glucose talics 
up a large quantity of baryta, strontia, or lime, and forms yellow 
solutions, precipitable by alcohol, which, even when piotectod from tlu3 
air, becorne darker, and are decomposed when kept (according to p. 318) 
or when heated. Their taste is bitter and slightly alkaline, and, whon 
evaporated in vacuo, they leave a transparent, brittle mass, which 
(sometimes : JPehgot) contains unaltered glucose. (Berzelius, .Poligot.) 

JPotosh-^compomd. • Dutch syrup shaken for some time with 8 pfcs. 


12 C 
14 H 
14 O 
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absolute alcohol, the solution being clecoloriscd by animal charcoal and 
mixed with alcoliolic potash, yields white crystals, Avhicli, in absence of 
free alkali, may be I'ccrystallised from hot alcohol. (Wincklcr, Jahrb, 
p\ rharni. 18, 100.) If free alkali is present, the alcoholic solution 
hecorncs brown when luiated in tl,ic air. VVinckler likewise obtained 
this coinponiid irorn horse-radish sugUii'. On the preparation of glucosatc of 
potash from urinc^ sec j). iU2. 

Soda-mnponnd. — Obtained like the potash-componncL (Wincklcr.) 
— With horax, ghicoso behaves like oanc-sugar (p. 281). (Stiirenborg, 
N.Br.Arck 18,' 270.) 

Glucose with Chloride of Sodium, — -.Dextro-glucoBC forms two or more 
componrids with chloride of sodium. (Siildolcr.) The rotatory powei' 
oj glucose is not altered by addition of chloride of sodium to its solu- 
tion. (Pasteur.) 

^ a. With more than 1 at. Chloride of Sodium . — By evaporating diabetic 
nrino, saturated with common salt, very small crystals arc sometimes 
obtained, which contain 1 — 1-t p. c. water, and more chloride of sodium 
than the crystals of "coj’rosponding nearly to the formula 
Qi8j£i20i2^2NaCl. (Stadeler, Ziiricher MiuL 3, 4g8; Phewm. CeiUr. 
1854, 1)30.) 

b. With! at. Chloride of Sodium. — Callond obtained from glucose 
and common salt, crystals (!outainirig 25 p. c. chloride of sodium, the 
oxistenco of which was afbnwards (udhnl into question. — The slow 
evaporation of diabe-iic urine saturated with cunnmou salt furnishes well- 
formed crystals, but without suOicient lustre to admit of measuremont. 
They coutjun on an average, 23'01 p. c. cliloride of sodium, and lose 
3*36 p* c. water at 130 (Btiidcler.) 


12 C 

Crystals, 

... 72 

.. 29*09 ... 

Sfadolfir. 

mean. 

28-81 

11 H 

... 13 

5*25 ... 

5-30 

la 0 

.. 10*1 

.. 42*02 ... 

42-8B 

NaCl 

.. £>8*5 

.. 23*64 ... 

23 -Ol 


.. 

.. 100*00 ... 

..... lOO'OO 


Instead of tho crystals of crystals are sometimes obtained containing between 
1 and 2 at glucose to 1 at chloride of sodium : probably because the compoundg 
b and 0 crystallise together. (Stadeler.) 

c. With 4 at. Chloride if Sodium. — Distioverod Ity (kdlotnl (X Pliarm* 
11, 5G2j Schm.ii], 337; Maij.Pharm. 11, 257). CrystalliBOH out when 
diabetic urine is evaporated, also frmu solutions (MUitaining 1 at., or 
less, of chloride of sodium to 2 at. gincost^ ; according to Brunner, from 
solutions of glucose saturated with (jhloridts of sodium. Wlion a layer 
of cthor-alcohol is jiourcd upon diabctic-iuinc s^yrup, and tho whole 
allowed to stand (juictly, transparent crystals of litis compound arc 
obtained. (Iliinefcld, J. pr. Ohm. 7, 4G.) Glucose from diabetic 
urine yields this compound far more easily than glucose^ of different 
origin. (Brdmann <& Lehmann.) Ihirified by crystallisation from 
water at the common temperatuKo (Brunner.) 

Transparent, colourless, lustrous crystals, attaining half an inch in 
length, belonging, according to Pasteur, to the right prismatic or rhombic 
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system. (Fig. 65.) Elioml)ic prism of 120° 12', tlic iiciiic laioral 
being trniiGatcd by t. tin = 11 O'’ 54'. The .summit is Formed l)y tho 

rbombic octaliedrou, a and the dome tho iiioin])ohodi‘()ii q Ixdoiigs i,o 
an imperfectly developed obtuse liiombic octahedron. In Favoui’ of this 
view (and ill opposition to Kobell& Scluibus’s opinion) is ilu^ fact that 
the crystals are not, as is tho case witli crysl.als belonging to ilu', Ikvk- 
agonal system, optically iiniaxud, and also tha,t their solution possesses 
rotatory power. (Pasteur. — ^Soe v. Jvohelbs reply, J‘. pr. Chein. (hj, 
217). — According to von Kobell & Scbabiis, the crystals arc rhombe- 
hedrons belonging to tlie hexagonal system. Dihexahedric combina- 
tions of two rhomboliedrons {Fig. 131), the faces ?*, and tliose similarly 
situated, being bnt slightly developed; a more obtuse rhombobedron 
forms, by perpendicular truncation of the combination-odge r m and of 
the corresponding edges, a three- faced summit imposed on the alternate 
faces of the diliexahcdron ; the comhination-edge r- : r.^ and the (uirre- 
sponding edges are truncated by the .six-sided prism a (Fig. 1 39). Sc! labns 
observed also the basal faces Cry.stals of anotlier liiibitiis showed 
Mm the two rhomboliedrons {Fig. 131) more erpmlly dewidoped, Iho 
horizontal edg'es being truncated by cf, and tho 2- and 2-odgtidsimunits 
truncated by 5. = 77° 42' (Sohabus); r: r' = 12G° 40" (Sohabus); 

r':r4=:126° 30’ (Kobell), 127° 30' (Schalms); 7 -':r; = l()E 30' 
(Kobell.) The crystals examined by Schabiis were from diabetic uriuo 
and were brown, opaque, and had no perfectly plane faces. (Kobell, 
Fepert, 35, 411; J. pr. Chem. 28, 489. — Schabus, Krgs^txdlgestalten^ 
Wien, 1855, 21, erroneously called glucose. — Pasteur, N.Ann. Chm„ .'Phj8, 
31, 95; — Compt. rend. 42, 350. — See also Marx, Seliw. 52, 479; 
Studer, Ami. Fharm. 14, 814. 

Moleciilar rotation to the right [a]y = 47*14°, corresponding to 
the quantity of glucose contained in the .compound. In a freshly ]>ro- 
par^d solution, it exhibits, like gIuco.se 3 birotation (p. 314) (.Pasteur.) 
-~Sp. gr. 1*56 — 1*58 (Hunt, Sill am. J. [2] 19, 416.) Harducss like 
that of sugar-candy. Taste sweet and saline. 

The crystals contain water and arc ]>ormauent in tho air, but 
become opaque by standing over oil of vitriol ; ilicy then lose gradually, 
more quickly if powdered, 2 at. water (on an average 4*34 p. c. : AVi- 
mam §' Lelmami). They lose their water still more quiekly in a 
stream of air a^^^lOO . (Erdmann & Leluuaim, Soubciran.) This com- 
pound loses 6 p. c. water at 160° in vacuo (Pcligofc), but begins to bo 
decomposed even at 140° ; at 150° it evolves a distinct smell of oaramel, 
and at lo6 —160 becomes brown (Erdmann, J.pr. Ckmi. 16, 247).— 
Eissoivcp easily m water; very difficultly (Brinmor), easily (Galloud), 
soluble m alcohol — (Peligot, Ann. CMn. Phys. 67, 143. — .Ihunucr, 
Ann.Fhm'ni. %1, 195. — Erdmann & Lehniann, /. pr. Chm* 13, 111.— 
Soubeiran, N. J. Pimm. 9, 332). 


24 C 

26 H 

26 O 

NaCi 


Crystals. 
.. 144 
.. 26 
. 208 
.. 58*5 


Peligot. Soubeiran. 


Erdmann 
& Lehmann. 


XC'‘HW,NaCI + 2HO 436-5 
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Erdmann 

Soubciran. Brunner* 


Dried. 


&; Lehmann. 

mean. 

24 C 

... 144 

.... 31-‘ll 

.... 34-37 


24 B 

... 24 

.... 5-73 

.... 5-84 .... 

.... 5‘77 

21 0 

... 192 

.... 45'HH 

.... 45'85 


NaCl 

... 58-5 

.... 1398 

.... 13-94 

.... 13-93 

2C^dI^“OkNaCi , 

.... 4I8-,3 

.... 100-00 

.... 100-00 



For Bramipr’s first analyses, SCO l^fiann. 14, 313; Po(j(f, 31, 319. From 
them Liebig [Ann. Pharin. M, 317) and Berzelius {Jnhresbcr. 1(5, 211) calcmlatcd Uie 
above formula. Studelcr, taking into account the composition of the compound b, 
regards the for nmk C^"lF-0'“,]NaCl,ll() 4* C’-IF"0'-,2li0 as more probable. Feligot 
ascribes to the dry compound the formula C*'UF’**0“'\NaCl. 


Ikir}jta<()'mpomiih. — a. Two-thmh'i A fioliilioti of g-lucofso in wood- 
Bpii’it is mixed witli a solution of baryta (not in (rxetbss) in a(]U(jouH 
wood-Bpirit; the precipitate is washed with woo<l-spirii and dried in 
vacuo, lirst over (piickiinui, then ovtu* oil of yii.rioL (J^ 3 lig-oi.) Sou- 
beiran precipitated, a mixture of l)aryta-wat(n* and excess Of glucose 
with alcohol. — Ac{piircsa brig-ht yellow colour at 100‘’ in vacuo, witii- 
oiit undergoing further alteiutioii; at a higher lAmi})(‘rafcure, it froths u[> 
and chars. (Poligot.) 


24 C 

According io Peligot. 

144 

23-02 . 

Peligot. 

moan. 

... 23*5 

28 H 

28 

4-48 . 

... 4-5 

28 0 

224 

35-81 . 

... 30-7 

3 Bat),.. 

229-5 

30-09 . 

... 35%3 

CHWA 

,3Bn() 025-5 ........ 

100-00 . 

... 100*0 

24 0 

Acconlinff io Soubeiran. 

144 

24-41 

Saubolraa. 

mmn, 

.... 24-9 

24 JI 

24 

4-07 .... 

4'3 

24 0 

192 

32-54 


3 BaO.... 


3B-9B 


C^HW^3BaO 589-5 

100-00 



Soubeirw dried hi« substance for 3 moiULs in vacuo. Pcligot found on ouo octsttsion 
37 p*c. baryta. He appears to have dried his substanco at niul to bavu burued it 
with oxide of copper, whereby some of the carbonic atnd must, have remained with the 
baryta. 


k 1 ot :1 — .Alcolitdit! hydrate of Inu'yla is added to (excess of 

glucose dissohudl in alcohol, the precipHu-te, is wasludl with st-roiig 
alcohol, and dried in vacuo over Hiilpiiuric acid* — • Ancarly wiute, looso 
powder, of acauBtic taste; easily solnhlc in water. (W. M,ayer, Ann* 


Fharm* 83, 138.) 



W. Mayer, 

12 0 

72 ... 

,29*09 .. 


11 H * 

U ... 

4*44 *., 

4*73 

U 0 

88 ... 

35-r)e 

...... 35*41 

BaO 

.... 70-5 ... 

..... 30-91 .. 

31*03 

Ci»idiO»,BaO ..., 

247-5 ... 

100-00 ... 

100*00 


Mayor prepared the compound from glucoae obtained by the decomposition of con- 
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volvulm and convolrulic acid, but ordinary glucose gave tlie same coinpoimd and not 
the compound a. 

Lime-compoimd. A. freshly prepared solution of liydrato of lime in 
aqueous glucose is precipitated with alcohol. (Pelig'(jt.) feoiibclraii 
agitates glucose with milk of lime, adds a small (piaiitity of glucose 
to the filtrate to neutralise the excess of lime, and precipitates with 
alcohol It does not become perfectly dry till it has stood a long time 
in vacuo. (Soubeiran.) 





Soubeiran. 


In vacuo. 


mean. 

12 C 

72 

.. 30*51 .. 

30*25 

12 H 

12 

.. 5*09 

5-06 

12 0 

96 

.. 40*67 

41*24 

2 CaO 

50 

.. 23*73 

23*45 


C^''^Hi2oi2^2CaO,.,. 236 lOO'OO 100*00 

C^‘*H-^0‘^®,3Ca0, according to Peligot. Berzelius found 24*20 p. c. lime. 

Zead-compoimch: — Aqueous glucose dissolves oxide of load (but 
slightly on boiling : Guenn-Varry\ forming at the same time, thong'll 
with difficulty, an insoluble basic compound, which becomes brown and 
is decomposed even below 100°. (Berzelius Lehrh. 3 Aufl. G, 434). 
Glucose is decomposed when heated with oxide of lead : see above, 
p. 319. Aqueous glucose gives no precipitate with either neutral or 
basic acetate of lead ; the precipitate caused hy ammonia in a solution 
of sugar of lead, yields, when dissolved in water by heat, no precipi- 
tate in an aqueous solution of glucose, but, in an alcoholic solution, a 
precipitate which is soluble in water. (Payen, Awl Ohm, Phi/H. 65, 
241.) — The precipitate produced in aqueous glucose by ammoniacal 
sugar of lead becomes red when the liquid is left to stand, and still 
more so when it is warmed. A red precipitate is likewise producod 
when aqueous glucose is boiled with basic acetate of lead, then heated 
with alcohol and left to cool. (0. Schmidt.) 

a. Quadrihask. — 25 pts. aqueous ammonia is added to the mixed 
solution of 20 pts. dextro-glucosc (or inverse sugar, according* to 
Soubekan) and 35 pts. neutral acetate of lead in 400 pts. water, and 
the precipitate is dried, first in vacuo, then at 100° (fcSouboiran). 


Soubeiran. 


12 C 

. 72 .... 

.... 12*16 .... 

.... 11*98 

8 H 

, 8 .... 

.... 1*35 .... 

.... 1*36 

8 0 

. 64 .... 

.... 10*81 


4 BbO 

448 .... 

.... 75*68 

' 73 to 75 


. 582 ... 

100*00 



b. Terhasic. ^ Ammoniacal sugar of lead is added to excess of glu- 
cose-solution, till- the precipitate, which disappears at first, becomes 
prmanent. The white precipitate washed out of contact with car- 
bonic acid, and dried in vacuo, turns yellow at 150° without further 
alteration (Peligot). 
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12 C 

72 

Peligot. 

.... 14*20 .... lt-0 

Stein. 

14*1 

11 H 

31 

.... 2*17 . 

... 2*1 

2*1 

n 0 

88 

.... 17’3G 

... l/*7 

17*8 

,3 PbO 

.... 33G 

.... GG-27 . 

... GG‘2 

GG*0 


.... 507 

.... 100*00 . 

... 100*0 

100*0 , 

!Cordiiig to Stein 


P/tm'm. 30, 84); according 

to Peligot, it is 


C"‘^H"‘0“^6Pb0. Soubcinm alwiiys obtained the compound a, whatever process ho 
adopted, 

Olucosc ])rcyGiits the precipitation of sesqidchlorldG of iron by 
alkalis and other reag-ents (Rose). 

Dextro-glucosc is sohiblo in cold, and still more in hot alcohol 
Added, in the pulverised state, to alcohol at the tom per attire of 17*5“, 
1 pt. (nearly) of anhydrons glucose dissolves in 50*2 pts. alcohol of 
sp. gr. 0*837, in 9*7 pts. alcohol of 0*880, in 4:*0pts. alcohol of 0*91, in 
1*7 pts. alcohol of 0*95. The solution, left to itself for some days, 
deposits so much of the glucose, that 1 pt. remains dissolved in 
50*54 pts., 11*34 pts., 5*25 pts., and 2*07 pts. of alcohol of the Bpccifio 
gravities above-mentioned. — On boiling the alcohol, 1 pt. of anhy- 
drous glut;oso dissolves in 4*G i>ls. alcohol of sp. gr. 0*tS37, or in 0*73 
pt. alcohol of sp. gr. 0*88; on huiving tin; solution to c-ool, part 
of the gliKJosc crysUiIlis(^s out, hut the ([inuitity nunaining in sohitioa 
is greater tlnui the same alcohol would hav(*. taken up by agiiat.ion at 
lovvuvr temperatures, so that after (» days, 100 pts. of ilm solution pre- 
pared with alcohol of sp. g. 0*837, ridains 2*9 i)tH., and 100 pts. of the 
solution i>repared witli alcohol of sp.gr. 0*88 ndrains 12*4 pts. of anhy- 
drous gluc(,)so (Anthon, Chem. Cealr. 18G0, 292). 

The tjrystals which separate by cooling or eva})oration arc anhy- 
drous, or hydrated atXHU'ding to tiic strength of the alcohol. Tlicy 
red^ain alcidu)! obstiiiately ; so that it is perce|)til)lc to the taslx) ov(jn 
after 16 years (Berzelius, Lchrb. 3 AulL 6, 434). A similar obser^^a- 
tiou was made by Gu(irin-Vany. When anhydrous ghicctse is heated 
wiili an equal (ruautity of alcohol of sp. gr. 0*95, the tcinpcraiure sinks 
5 degrecB (Anllion). 

From an alcoholic solution of glucose, ether pi'cclpitaies a thick 
syrup (Bdboroinor, Ann. Pharm, 14, 249), a crystalline povvden* (Hlhic*' 
fold, Xpr, (Jhm, 7, 44). 


Appendix to J)cxlro-ghme* 

Glucosan 

or 

Compl nnd. 51, 331; abstr. Zdtsek Ck Fhann. 4, 57. 

Glucose, dried between 100“ and 110% gives off water at 170“, 
becoming coloured at the same time, and is convcjried into glucosan, 
with which, however, small quantities of carjirncl and uimltcu’cd sugar 
remain mixed, the latter romoyable by yoas% the fornmr liy charcoal. 
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Colomiess massj scarcely sweet to the taste. Tunis the plane of 
polarisation to the right, somewhat less strongly than clcxtao- glucose. 

Does not ferment immediately, but only alter being’ treated witli 
dilute acidjS, which convert it into glucose. 


CoJ^jugated Compounds of Dextro-glucose, 

Sulphosaccharic Acid. 

Q48JI4O04O^S3OC ^ 


PelictOT. Ann, Chini. Phys. 67, 168. 

TraudenzucJcer-scJmefekdiire. Acide Utraglucososul^dhurique (Berfchelofc, Chim, 
organ. 2, 280). See page 318. On Sulphamidonic acid see page .104 ; and on Snlplio- 
lignic or Lignosulpliuric acid, page 164. — Known only ia combination with water or 
with bases. 

pt. oil of vitriol is added, by small portions, to 1 pt. of glucose 
melted at the heat of the water-bath, the mixture being continually 
stirred, and the vessel, if necessary, plunged into cold water. If the 
glucose is impure, or the heat rises too high, the product becomes 
somewhat brown, which, however, does not affect tiie purity of tlio 
lead-salt. The mixture, diffused in a large quantity of water, is satu- 
rated with carbonate of lime ; acetate of baryta is added to the iiltratG 
as long as a precipitate of sulphate of baryta is thereby produced, and 
the liquid again filtered, is precipitated with basic acetate of lead. If 
the liquid, after precipitation with acetate of baryta, still remains 
brown, the colouring matter is removed by a small quantity of basic 
acetate of lead, and the pure salt is precipitated from the filtrate by a 
larger quantity. The precipitate, washed, and decomposed under 
water with hydrosiilphuric acid, yields aqueous sulplmaccliark acid, 
which tastes at the same time sour and sweet, reddens litums, decom- 
poses when evaporated in vacuo, and more quickly over the wa, tor- 
bath, into glucose and sulphuric acid, and forms salts, almost all <if 
whidh are soluble. 





Peligot 

Lead^mlt at 170°. 



mean. 

48 C 

288 

.,o 17*74 .... 

18*16 

40 H 

40 

.... 2-46 .... 

2*49 

40 0 

320 

.... 10*70 .... 


2 S03 

. 80 

.... 4*93 .... 

4*50 

8 PbO 

. 896 

.... 55*17 .... 

... 53*2 to 55*3 

C4aH4oo^o^2SO^,8PbO 

1624 

.... 100*00 
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Ethyl-glucose. 

(S20]P{)IO^Q13]X808^2OTPO. 

BExmiEiOT. JSf. A iin, 0km. Phjs. 60, 103 ; Ohm. organ. 2, 30.1 . 

GkicovinGskr. Produced from 1 at. doxtro-gdiicowt^ and 2 at. alcohol, 
with elimination of 6 at. water : 

0121 [12013+ 2C‘H«0-==C‘-«IP80io+ GHO. 

A mixture of cane-sugar, bromide of ethyl, and hydrate of potash 
is heated in a sealed tub(^ to 100'^ for several days, and the product, 
when cold, is treated witli ether; ethyl-glncose is thereby dissolved, 
and may 1)0 obtaintxl by evaporation as a colourless oil. — lias a bitter 
taste and a faint, agree ^a-blc odour. Not volatile. 





Bcvthelot. 

20 C 

... 120 

.... 55-0 ... 

54'9 

IH U 

... IH 

.... H-2 ... 

7*0 

]{) O 

... HO 

.... .‘IG-H ... 

07-5 



... 21H 

.... lOO’O ... 

lOO’O 


Kesnlved by luniihig with dilutee mlghurk arid inlo alcohol and 
doxtro-gluc-ose. — Ihvm pofftrnio-niprw lartrate it reduec'S e.iiprous oxide. 

Nearly insoluble in wata\ — Prom the ethereal solid ion it is almost 
completely precipitated by animal charcoal (Bertholot), 


Hexaceto-gluoose, 


'N. A%n. Ohim. Phgs. 60, OB ; Ohim. organ. 2, 275. 

Glume acMig^ne. A Bionosucoharido of tbo sixth onki* (p. Cl 7). 

Obtaimul by healing glacial a(ietic acid witli d(!xtro-glueoso or cane- 
sugar to 100” for 50 hours, and purilie.d likuniihutyro-glucose (p. 332). 
— Tvehalose and starch at 1B0“, unddextriu at lOU'^, form with accUc add coiupounda 
similar to or identical with tliis. 

Pale yellow or ooloarless neutral oil, having a bitter ttisic and faint 
odour. 


Berthelot. 

mean. 


S6 C 

216 „ 

... 52*2 . 

62-15 

22 H 

22 . 

... 6'4 , 

6*35 

22 0 

176 . 

... 42-4 . 

....... 42*50 

CWIFQ» 

iU . 

... lOO'O . 

100-00 


Becomes acid in contact with the ar, — Tunis brown when hoatod, 
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and burns with an odour of caramel ■ Carbonised by oil of rkriol ; 
slowly decomposed, by boiling’ with dilute sulphuric acid, into acetic acid 
and dextro-glucosc,pvliicli is further partly resolved into Inuuous sub- 
stances. — YVitli (dcoholic hydrochloric cicid^ it lonns acetate ul otliyl and 
dextro-glucose. — Ilcxaceto-glucoso reduces potassio-cupric tartrate. 

Dissolves abundantly in tmter, but not in all proportions, and is 
precipitated from tlio solution by chloride of caloiiuu. - boliiolo in 
alcohol and in ether (Bortlielot). 


Bibutyro-glucose« 

cmmK 


Beethelot. iV*. Ann. Chim, Phys. GO, 9C ; Chin, organ 2, 290. 

Bihutyringlueose. Glucose hutyrigue. k monosaccharide of the second order 
(p. 317) : 


C12H120^2 + 2C8H80‘‘ = OTI220W+ 6H0. 


Formation. Produced in larger quantity from cane-sugar, doxtro- 
glucose, or trehalose j in small quantity from dextrin, by heating with 
butyric acid. Traces of the same or a similar compound ai’e obtained 
when cotton or paper is heated with oil of vitriol and butyric acid. 

Preparation. Butyric acid is heated with cane-sugar or anhydrous 
dextro-glucosG to 100® for 60 or 60 hours; the mass is exhausted with 
alcohol ; and the solution filtered and evaporated. The residue is mixed 
with concentrated aqueous carbonate ol potash, a lump of caustio 
potash being added to neutralise it completely, the mixture is shaker^ 
up with ether, the ethereal layer is decolorised with animal charcoal, 
and the filtrate is evaporated over tlic water-bath. 

Properties. Pale yellow, viscid oil which prochicos grease-BpotB on 
paper. Neutral, very bitter, with a slightly aromatic odour, KctainB 
water obstinately. 


28 C 

168 . 

... 55-6 .. 

BerfcEelot, 

mmn. 

22 H 

22 . 

... 7-3 .. 

...... 7*45 

14 0 

112 . 

... 37*1 .. 

37*00 


302 . 

... 100*0 

100*00 


Decomposition. I. Burns when heated, emitting an odour of caramel 
— 2. Carbonised by oil of vitriol, and resolved, by heating with dilute 
mlphurio acid, into butyric acid and dextro-glucose. — 3. With alcoholic 
hydrochloric acid it yields dextro-glucose and butyrate of ethyl ■— 
4 j Prom potassio-cupric tartrate, it reduces cuprous oxide. 

, Dissolves sparingly mwat^r, easily in alcohol and in ether. (Berthelot)., 
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Glucosuccinic Acid. 

A mixture of caue-sup;’{ir and Riicoinio m^id in equal numborB of 
atoms, heated to ])etweoii 1,20^ and 130'", meltR to a brown Myrup, with 
edimination of water. The product is an acid compound of ^i^hicoBO 
with Boccink'nieid, which d(Ujon\p()BeB at 100°, with formation, of hiimuB, 
and foi'ins with, lime a wait Bolublo in Avatcr, inBolnblo in alcohol, 
Sec page 259 (Van Bcunmelcn, Kopp^s Jah'cshcr, 1858, 43G). 


Glucotetratartaric Acid. 


Berthulot, N. Amt. Phys. Chim. 54, 78; abstr. Conipt. rend. 45, 208; 

Ah J. Phirm. 33, 05 ChatL Gaz. 1857, 441 ; J. pr. Ohm. 73, 150. 

-^Cheni. onjan. 2, 205. 

Olucotarlaric add, htlongfi to the monosaeeharidcs of the fatirHi order (p. dl7).— 
DiffercTit from the f/hicdlntnrtarla odd obtained from cane-.sugar ami turtarkj acid 
(p. 259), which is a monosaccharide of the second order. 

Fonnalion. By luxating' dcxtro-glue-ose with tartaih^- acid: 

+ 4 = C 1 0 1 R). 

Omirmm. Appetirs to exiHt in grapes at the time of ripening. 
Wlicn (‘X|)reBH(Hl grap^-^j^^’^^'^- satixaratcd with chalk, filtered, Btrongiy 
conc(mtrated, filtered again, jirocipitated with 2 vol alcohol, and the 
))recipiiatc pmhied hy waHhing with weak alcohol, re-Kolntion in water, 
and rt‘-])r6cipitation with alcohol, a lunc-Balt is obtaiiKul which rtaltuiCB 
potaBHio-oupric tartrate like glueotetrahirtrati^- tif lime, mid ih re- 
solved by acids into doxtro-glncoso and an aciti which exhibitM the 
'Character of tartaric acids. 

Pnpartitiofh of tha Liuie^mlL Anintimaic rnixinro of equal parts of 
dextro-ghKM)sc an (I tartaric acid is Incited for a day or two to 120" in an 
open vessel ; the cooled nutss is triturated with carbonate of linu,^ and a 
small quantity of water ; and the liquid is filtered. Taidrati* of lim(‘, with, 
the excess of carbonate, then remains on tlm (liter, while the solution 
contains the lime-salt of the nowachl, togetlun* with <‘xc(‘hs of glucose. 
On precipitating this siilutiiinwnth twice its volume c)f alcohol, collecting 
the i)roci})itate, washing it with dilute alcohol, dissolving in water, 
again precipitating with alcoln.)!, and repeating the same series of 
operations a third time, the lime-salt is obtained koo from sugar. It 
is dried for a week or a fortniglit in vacuo, then completely by heating 
it to noh 

Aqueous ghcotetratartaric acid is obtained by decomposing the lime- 
salt with excess of oxalic acid. 

The acineons solution of the acid and its salts is gradually resolved, 
by boiling, into dextro-glncose and tartaric acid, the decomposition 
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being accelerated by a small quantity of siilplmric acid. — The Iimo- 
and magnesia-salts reduce potassio-ciipric tartrate. Not feimcut- 

able. . , 

Glucotetratartaric acid is quadn-hasic. The baryta- magnesia- and 
lead-salts are obtained like the liiuc-salt, by xising carbonate of baryta, 
magnesia, or lead, instead of carbonate of lime. Tlie salts still retain 
water at 110*^. 

Lime-salt. --- White amorphous powder, 100 pts. of which reduce as 
much potassio-cupric tartrate as 23 pts. of dextro-glucose (calc. 22-5 pts.) 
After drying in vacuo, it ^gives off 14*1 p. c. water at 110*^ (15 at. = 
14*4 p. G.). 



at 110°. 


Bertlielot. 

44 C 


32-9 .... 

.... 33*2 

26 H 

.... 26 ... 

. 3*3 .... 

.... 4-3 

50 0 

.... 400 ... 

,. 49*9 .... 

.... 49*8 

4 CaO 

.... 112 ... 

13-9 .... 

.... 12-7 

C44i422Ca^05‘UHO 

.... 802 .. 

.. 100-0 .... 

.... 100-0 


Magnesia-sedt . — ^The salt, dried in vacuo, gives off 20*4 p. o. water 
at 110'^ (36 at. = 26*88 p. c.). 



ai 110°. 


Berthelot. 

44 C 

.... 264 

.. 29*2 

30-1 

32 H 

.... 32 .. 

.. 3-5 

4*0 

56 0 

.... 448 ... 

49-6 

48-9 

8 MgO 

.... 160 .. 

.. 17*7 

17-0 

C^ni22Mg^Oso,4MgO + lOAq. 

.... 904 .. 

„ lOO'O 

100-0 


Berthelot’s formula contains, by 
N. Ann. C/iim. Phijs. 54, 79. 

en-or, 4MgO 

more. 

Chim. organ, 2, 296, and 

Lead-salts, — The acid forms, wdth lead-oxide, a neutral (quadri- 
basic) and an acid (bibasic) salt. The former is insoluble, or becomoB 

so during preparation. 




Pibasic. — • Gives off 10*0 p, 

.c. water at 110° 

after drying in vacuo 

(12 at. = 10-76 p. c.). 




at 110°. 


Berthelot. 

44 C 

. 264-0 .... 

29-4 , 


24 H 

, 24*0 .... 

2*7 . 


48 0 

. 384*0 .... 

43-0 . 


2 PbO 

. 223-4 .... 

24-9 . 

23-1 

C«HWO“ 

895*4 .... 

100*0 , 

100-0 


Grlucohexacitric Acid. 

BMthexot. iY. Ann. CImi. Phys, 54, 81. 

uhtmUrio acid, Glucosohu'aciiric acid, — Belongs to tte monojsaccimrides of the 

fikth otfer (p, 317). 
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When dextro-glucosG is heated with citric acid, and the product 
treated in the manner already described for i][io tartaric acid compoiiud 
(p. 833), the lime- (or magnesia- ) salt is obtained, which reduceB 
potassio-cnpric tartrate, and* appears to consist of C®^IPCa^®0°^4:HO 
(Berthelot). 


Bibenzoyl-glucose, 

04o]3;i80u 

Bekthelot. W. Ann. Chim, Pliys. GO, 98; CMni. organ. 2, 293. 

Bibenzoylglwose, Gliicose Imzolqua or dtbmzoiqiie. A monosaccliariilc of the 
second order (p. 318). 

ObtaiiKjd by beating benjioic acid with dextro-glwu’iso or caiio- 
sugar to 100° for 50 hours, and purified like bibutyro-ghicoso (p. 332). 
The same (or a similar) compound is produced by heating benzoic acid with trehalose to 
180°, or with cotton to 200", also, at ordinary temperatures, in a mixture of cotton, oil 
of vitriol, and benzoic acid; in all cases, however, only in small cjuaotity. 

Neutral, souh-fiuid oil, which produces grcniBC-spotB on papcL*. 
Tastes bitter and pungent. 


40 0 

.. 240 

... 04*8 .. 

Berthelot. 
64-2 

18 H 

... 18 . 

... 4*9 

5*3 

14 0 

... 112 

30*3 .. 

30-5 


... 370 . 

... lOO’O .. 

100*0 


Burns witli an odour of cararmd when heated. — Carbonised by oil 
of vitnol — With, alcoholic h/drocMoiic acid, at^ a moderate heat, it 
yields benzoate of oibyl and doxtro-gliicosc. — Reduces 
tartrate. 

DisBolvos sparingly in water, easily in alcohol and in. ether. 


LfflTO-glucose. 

C"r[,‘* 0 « or 0 “JP 0 “. 


BotjCUAIrdat. Coinpt. rend. 25, 274. 

Bubbunfaut. N. Ann. (Jhim. Phys. 21, IGD; #/. pr. Chem. 42, 418; 
Pharm. Oentr. 1847, 889. — OompL 29, 51 j abstr. Crntr. 

1849, G43. — Qovnpt rend, 42, 001; J. pr, Chetm 69, 438* — 
rend. 42, 803; J.pr. Ohem. 69, 208. 

Linlc^rucMzmher, Occurs in gum-svgar (Schlemzuclc&*) or fmit-sugar 
in an impure state, mixed sometimes with dextro-glucose or cane- 
sugar, sometimes with dextrin or gum'. It was recognised as a sub- 
stance distinct from cane-sugar, even in the last century, and examined 
by Lowite (Crell Ann. 1792, 1 , 345 ), Beyeux {Bdm J. % 528), and 
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Proust (iV. Oehl. 2, 77) ; but no certain mode of discrimination "was 
known, till Biot showed that the different kinds of sugar may bo dis- 
tinguished from one another by their rotatory power. La3\’o-glucose 
was first obtained in the pure state by Pubrunfaut. 

Lsevo-rotatory wversc-S’ngar, tlic mixture of liuvo- aiul (Icxtro-g’Ui- 
cose in equal numbers of atoms produced by the inversion of cane- 
sugar (p. 254), was frequently mistaken for doxtro-gliicosc, or regarded 
as a peculiar sugar convertible into cane-sugar by molecular alteration, 
till its true nature was pointed out by Dubruufaut. The following 
substances, which have been regarded as peculiar sugars, appear to 
be mixtures resembling inverse-sugar. 

c. Mitscherlich’s Caramel Obtained by heating cane-sugar with 
a small quantity of water to a temperature somewhat above .100'' in 
the chloride-of-zinc bath. Amorphous, sligliily-coloured mass, ^ desti- 
tute of rotatory power (Mitschorlich, Pogg. 50, OO)- According’ to 
Gelis {Compt mid 48, 1062), it is perhaps a mixture of dt'xtro-gl ucose, 
levolusan (p. 338), and Imvo-giucose, produced by the action of water 
on levolusan. 

h. Yentzke’s 8grvp-sugar» Obtained by the coiitimiod boiling of an 
aqueous solution of cane-sugar between 105® and 100®. Oolonrlcss 
syrup, without rotatory power, and not acquiring any by prolonged 
boiling. Under these circumstances, according to Soubciran, inverse 
sugar is produced, which often contains unaltered cane-sugar (Vonizlce, 
J. pr. Ghem, 25, 75). 

c, Soubeiran’s Chylariose^ or Liquid Sugar from IToneip having a rota- 
tory power = — 43‘51® at the temperature of 13®. Doubtless 
Isevo-glucose, not perfectly freed from dextro-gl ucose (Sotibeiran, 
N, J. Pharm, 10, 252). 

d. Michaelis’ Null- and Liuks-teutlose, The existence of these 
sugars is inferred by Alichaelis from the rotatoiy power of certain 
beet-juices {Lpr. Cheni. 74, 385 ; Ckeni, Centr. 1858, 004). 


Occurrence of Lccro-glucose. — As inverse-sugar in honey, in many 
fruits and other sacchariferons vegetable orgams. (jq). 339 and 305^) 
The isolated occurrcuce of Imvo-gbicose has not been (lemoimtratml with 
certainty; nevertheless some kinds of apple aaul ])ear contain more 
Imvo- than dextro- glucose, perliaps because the mixture of those two 
substances in equal numbers of atoms .first producxMl by tlu^ inversion 
of cane-sugar, has already sufCercd an alhu’ation chietfy afl’ccting tlu.^ 
dextro-glucose (Buignot, *N. Ann. Chim, Phgs, 01, 204). 

Formation, 1. In the invcrBlon of cane-sugar (p. 254) by water, 
dilute acids, yeast, or the peculiar substance of fruits, a mixture of 
186VO- and dextro-glucose is produced (l)jibruTifaut). — 2. By boiling 
levnlosan (p. 338) with water or dilute acids (Gelis, Coniplrcnd 
1002). — 3. The sugar produced by continued heating of inulki (p. 115) 
with dilute acids, is l^vo-rotatovy {Elo% An7i. Ohm, PIujs, 02, 28 ; 
Bouchardat), and identical with Imvo-glucosc (Dubrmifaut). Tins sub- 
stance is likewise produced by continaccl beating; of inulin with water (Dubrunfaut). 
Unwashed sour yeast also converts inulin into sugar (Bouchardat). 

^ ^Preparatmi, From Inverse sugar. When 10 grins, inverse-sugar arc 
intimately mixed with 0 grms. hydrate of lime and 100 grms, water. 
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tliG mags wliicli is liquid at first, solldific^g after a certain ainouid' of 
agitation, and yields, by strong jn'cssurc, a golntion of the Ihnocoin- 
pound of dcxtro-glucose, while the solid rosidiie, \vnislicd and decom- 
posed with oxalic aci<l, yields hevo-ghuioso (Jlnbriinfant). The iman’se 
sngar occurring iu fruits, may bo decomposed in like manner (Ihiignel., 
N. A}m. Ohm. GI, 270). 

The im’crse sugar occurring ill fmita (p. 240), may be obtained, in the absence of 
other Idiids of sugar, by noutralisinjg the juice with chalk, evaporating the iUtrate, 
exhausting the residue witli alcohol of O’Bu, evaporating the solution, and dehydrating 
, the residue at 110°. (Buignet.) 

Properties'. Colourless, uucrystallisablo syriq) (Didn’unfa.ut), amor- 
phous solid mass (i^ouchardat) ; after lieatiug to lOD”, = C^-J 
As >Aveot as cane sugar. Purgative (J)ubrunfaut). Potatory iM-)\rer 
varyn ng with the temperature [a]y = — lOG'’ at PP'C. ; = — 
at 52"''0; = — 53° at 00°0. (Pubnmfaut). The hcvo-rofcary power of 
inulin-sugar was found by Bouchardat to be at least three times as great as that of 
inverse-sugar, and likewise variable according to tlie ternporaturo, Dubrunfaut 
remarked that when inulin (C^-U^'d)^f’,;illO) is boiled with acids, the rotatory power 
increases to § of its original amount, whence the calculated value of [m]) tor inulin- 
sugar is — 101°, and for inulin, — 38’43°. 

The supposition that lucvo-glucosc may be converted into dextro-glucosc by boiling 
with acids or by molecular alteration, has been refuted by Dubruufaut. 

The rotatory power of mrorse 'supar likewist^ vjvri(‘S with Ihu, icMU- 
peraturo as well as that of hiivo-glucost^, as ol)S(‘rv(‘d by IMitscherlicb 
{Pogg. 50, 04) and Ycmt^kc (/. pr. Oheui. 2<S, 101) in. invtn’sc sigpir juid 
iu houoy. The molecular rotatory power of in vtu'se sugar a.mounts, 
for to [a]./= -2B° at l-t° C; at 52" it is only iialf as 

great, at <^(5" it disappears altogether, ami at still higlu.O' tcm|uM’atur<iS 
the inverse sugar ])et5omes dt^xtni-rotaiury (Dubriuifaut). TJu? mole- 
cular rotab)i‘y poW(u;, which for at 15° C is [«],/= “-20° 

decreases by ()*;]7° for each, degree above 15" and ium’castts l)y the Rtum^ 
amount for each degree below (Buiguct, N. Am. Chim, Phgs. GL, 233), 
Inverse sugar heated in the water-bath contains, on tht) avora,ge, 
39*07 p~ c. ok, 6’67 IT., and 53*30 0., cornjsponding to the formula 
(Soiibciran, K /. Pham. 0, 357; Miischcrlicii). 

Decompositions. Lievo-glucose when lunUiul yields a product 
analogous to the gIncosan(p. 320) of dextro-glvie.ose, but more <‘nsily 
(lecompoBiblc ((Iclis, Oompi. rend. 51, 331 ; ZdtsrJiv. Oh. Pharm, 4, 57). 
Probably therefore Imvoliman (,Kr.), --- l'iaiv()-gliu;()H(^ in (‘onluct with, 
yeast undergoes vinous fernumtation, w''ithout previous e.onverHion {nt<> 
another kind of Bugtir, (I)iibnmfnut), — -Tim other rmetiouH of Iwvo-ghuuisc 
have been studied only with fruit-sugar containing dcxtro-glucosc t they agree with ihuKO 
of dextro-glucase. On the behaviour of invorHo .sugar wbtm heatcnl with water, hv 
page 253; with acids (p. 254) ; in vinous fermentation (p. 274) ; in lactous fenneutaiian 
(p. 279); and other places.— When sodium-amidgam is added to a,n atjueoiis 
solution of cane-sugar, inverted by the action of dilnttj Hulphuric; acid, 
the excess of acid having boon njmoved, (, solution of hydrogem entirely 
ceases as soon as the liquid has become slightly alkaline, heat is evolved, 
and, when the action is complete, the solution is found to contain man- 
nite. (Linnomaiui, Ann. Fharni, 123, 13C. — See Alamite.) If. 

' •' CkmUriatkm. With Lime. — Lmvo-glucoso forms witli lime a soluble 
basks compound, aualagous t<4 that of dextro glucow‘, which abstjrbs 
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oxygen from tlie air and decomposes. — A second compound, containing 
3 at. lime to 1 at. Igevo-glucose, forms sparingly soluble^ microscopic 
needles, and is decomposed by water when exposed to light and air, 
the whole deliquescing and the sugar undergoing decomposition 
(Dubrunfant). 

On tlie "beliaviour of inverse sugar to lead-oxide, see page 289. The compounds of 
fruit-sugar obtained by Soubeiran (N. J, Pharm. 9, 329) were obtained with inverse 
sugar or honey, and doubtless belong to dextro-glucose. (ICr.') 

Lse-vo-glucose is more soluble in alcohol than dextro-glucose. 


Ai}pendix to Lmvo~glucose, 

Lasvolusan. 

QWIpOOlO^ 


Gelis. Compt, renct. 48, 1062 ; Chem. Ccutr, 1859, 712 ; N, Ann, Chini, 

Fligs, 57, 234 ; Kopi^s Jaliresher, 1850, 547. 

Saccharide. 

Seepage 247. Caiie-sugar quickly heated to 160'*, and kept in the 
melted state at that temperature for a moderate time, is converted into 
a mixture of equal numbers of atoms of Imvolnsan and dextro-glncose, 
the latter of which may be removed by fermentation. The remaining 
liquid (which has a dextro-rotatory power [a]j = 15° for 
leaves, when evaporated, a syrup, which docs not crystallise even when 
kept for years, but contains Isevolusan partly unaltered, partly meta- 
morphosed. 

Lmvolusan is converted by hoilmg water and by dilute acids^ into a 
fermentable Imvo -rotatory sugar, which reduces copper-solution and 
is probably identical with Icevo-glucose. 


Maltose. 

Biot. Co^npL rend. 15, 710 ; 42, 351. 

Dubbunx^'aiit. Ff. Ann. CMm, Fhjs. 21, 178 ; /. pr. 0imi. 42, 441 ; 
abstr. Lieb. Kopp. Jahresher. 1847, 793. 

The sugar produced from starch-paste by the action Of iu'alt (or 
diastase p. 90) is, according to Dubrunfaut, different from dcxtro-glu- 
cose. It is the first fermentable inoduct formed from starch-paste by 
the action of acids, or the last formed by the action of gliitin or by 
spontaneous decomposition (p. 91) (Dubmnfaut)j Guerin- Varry (Am. 
Chini, Phys. 60, 32) (who however did not determine its rotatory power), could not 
perceive that the sugar formed with diastase differed in any respect from dextro-glucose. 

The molecular rotatory power of a sugar prepared by Jacquelain, 
by heating starch in a Papin’s digester with oxalic acid, was found 
by Biot to bo [a]/ = 100*6°. According to Bubmnfaut, this sug^r 
was a mixture of maltose and dextro-glucose. The sugar from a false 
fiiaima mentioned on page 305 might also, according to Biot, be referred 
to this head. 



MANNITOSE. 


339 


Maltose is prepared from starcli-pastc by the action of malt (sorne- 
wliat in the manner described at pag-e 311), and purified with alcohol, 
— Forms crystals similar to those of dextro-glucose, but witli a mole- 
cular rotatory power three times as great, and not stronger in a 
recently prepared solution than after the lapse of several liours. 
Hence it does not exhibit the bi-rotation of dcxtro-gluoosc mentioned at page 311. — 
It expands in crystallising.— It is converted into dextro-glucosc^ by 
boiling with dilute mJphuric ncAf.— By aqueous alkalis it is not (phtc so 
easily altered as dextro-giucosc. — By fermentation it yields as much 
alcohol as dextro-glucose, without previous conversion into that sub- 
stance. VViien a mixture of dextro-glucose and maltose is fermented, 
both kinds of sugar are decomposed simultaneously, not one before 
the other. • — Maltose is somewhat less soluble in alcohol than dextro- 
glucose (Comp. Saussnre's observations, p. 308). (Dubruufaut.) 


Mannitose. 

CiajjuQW 

Gorui-^-Besankz. Ann, Tliarm , 118, 273. 

When mannite is oxidised under the influence of idutinumd)lack, 
carbonic acid, formic acid, manuitic acid, vid. inf.) an uufor- 

mcntable substance and a fermentable sugar (nuuinitoso) tu‘c\pn)( laced. 
The last of these substances, which has not been obtained in the stspa- 
rato state is distinguished from dextro-giiicoso by the fa(;t that it duos 
not exhibit any molecular rotatory power, even in conccutrated (Mpieous 
solution. 

In the preparation of mannitic acid by leaving a moist mixture of 
1 pt. mannite and 2 pts. platiuum'-black in contact witli tlui air at a 
temperature between 30"' and 40", and lixiviating the resulting acid 
nuiSB with, water, a solution is formed containing mannitic acid, the 
unfermcntable substance, and mannitosoj and on precipitating the 
mannitic acid with basic acetate of lead, and treating the iiltfate witli 
hydrosxilphuric acid, the unfermcntable substance and tbo nuvmdtose 
remain in the filtered liquid, and arc obtained by evaporation as a 
mixture, winch, however, is difficult to free from acetics acid ; heiuio, to 
prepare the latter substance, it is bolter to heat the a, (| neons sidution of 
tbo acid mass witli carbonate of limib filter when ilie neutraiisation is 
complete, and precipitate with alcolu,)!. T'he liipud OlieriHl from pre- 
cipitated marmitato of lime, if concentrated to a certain extinit, further 
precipitated with alcohol, and then comjiletcly cvaporat(ul, leaves a 
yellow syi'up which cannot be made to crystallise, even after decolora- 
tion with animal charcoal, but if evaporated in vacuo, and finally at 
100°, appears as an amorphous gum* 

This gum may bo i*cgarded as a mixture of about ono-third man- 
nitosc and two- thirds of an unfermcntable substance perhaps indentical 
with mannitan. The gum contains 43‘06 p. c. crarbon, 6*02 hydrogen, and 
50*02 oxygen, coives ponding perhaps to the formula 
(calc. 42*52 0., 7'08 50*40 0.). It docs not produce the least doflec- 

tioix of the plane of polarisation, oven in concentrated solution ; it 
exhibits with alhali$j with cupric oxide and potach, with basic nitrate cf 
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himiulij carho-nate of soda, and other reagents, the same beliaviour as 
(lextro-g’lucose, hnt is not capable of uniting* with e/iZonV/c 0 / sodium, 
Its alcoholic solution mixed with alcoholic potash forms a scmi-flnid 
yellow precipitate containing 11*27 p. c. ])otash, corresponding to the 
formula — Tlie qnantity of carbonic acid evolved in the 

vinous fermentation of tliis gum — which is easily set Tip — as ivoll as 
the amount of potassio-cnpric tartrate which it is capable of rodmdng, 
shows that it must contain a quantity of inannitosc, equivalent^ to 
32*56 p. c. dextro-glncose. If the mannitose be decomposed by fer- 
mentation, the iinfermentable substance remains, on evaporation, as a 
yellow-browm neutral varnish having a faint taste, soluble in watei* 
and in alcohol, insoluble in ether, and emitting an odour of caramel 
when burned, (Gorup-Besanez). 


Apipendix to Dextvo-ghcose and the Allied Sugars. 

General View of the Glucosides. 

SuccJiarides('Bevth.e\ot)Af(iccharogenSfi^.ZO^) — They OCCIU* both in the 
vegetable and in the animal kingdom. 

Formation. None of the naturally occurring glucosides have beem 
prepared artificially j but Berthelot has obtained compounds analogous 
to the glucosides (see Saccharides, p. 31 G), and Illasiwctz has ob- 
tained from phloretic acid and phlorog*liicin a product corresiionding to 
phloretiii, but containing the proximate constituents in different pro- 
portions. 

LaurenCs views on tlie composition of glucosides, see Compt. rend. 31, 353 j! 
35, 163; N. Ann. Chhn. Phys. 36, 330 ; for Delifs’ formulte, see N. Jahrh, P/tarm. 
11, 356 ; Walz's N. Jahrh. Phami. 11, 358. 

Decompositions. The resolntion of glucosides into glucose, or a cor- 
responding product, and a second liody, talces place for tlio most pai't 
on boiling with dilute mineral acids. Or it is prodiicxul by heating tlie 
glucosidc witli aqueous alhdis or hargta-imter. In this latter case, 
according to Rochloder (TFfca. Akad. Ikr. 24, 32), (n-ystallisahlo sugar 
is sometimes obtained, whereas the decomposition with acids yielclH 
only uncrystallisable sugar. — Or the sepai*atif>n. is effected at moan 
temperature, and in presence of watei*, by nitrogenous snbstaneiis 
occurring either in the same plants as the glucosides, or in otluirs. 
Emulsin decomposes amygdalin and many other glucosides; my rosin 
decomposes myronic acid; erythrozym decomposes rubian. — ^Some 
glucosides are likewise decomposed by yeast and by saliva. The 
products of the decomposition are often fui'ther altered by the action 
of the air or of the acid employed. 

For the separatio7i^ of the decomposition-products from the gluco- 
sides, Kochleder (}Fmh Akad. Bar. 24, 34) gives the following rnethod. 
The substance, contained in a flask, is treated with dilute hydrochloric^ 
acid; the flask is connected, on the one side with a carbonic acid 
apparatus,^ on the other with a Liebig’s condensing tube. The air 
contained in the flask is displaced by carbonic acid, and the fiask is 
heated in the water-bath, or, if necessary, in a cl'iloride of calcium 
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bath. Ab booh as the decomposition is comjjlctc, llic coiiicods of the 
flask are left to cool in a stream of carbonic acid; any product that 
may liaAm separated out is collected ; and (be llltraU^ contiduinp,* tlu^ 
sngarj liydrocdiloric aci<l, and sometimes olluu,* soluble ])roducis oi ih<^ 
decomposition, is mixed with pure carbonate o! lead, the addiiton (d* 
which, is cf)utiiuuul as long’ as efrervesccucc eusvu'.s, aider which it 
is warmed and white load (prepared by prcjcipitatiug basic aceta-to, 
of lead with ciirboiiic acid g’as, and washing’) is addcal, whcrchy 
basic chloride of lead is xirecipitated. The prcci[)itate is collecsted ou a, 
filter and carefully washed; moist phosj.ihatc of silver is addial to the 
filtrate as long as any reaction ensues between this salt and the dis- 
sohxal chloildo of lead, and till the yellow colour of llui )ihos})ha.te of 
silver remains visible- Thclupiid is then filtered; any silver that may 
be dissolved in the fltratc is preci}>itatcd with a very snudl ([iiautity 
of wbitc lead; the liquid is heated till the white colour of the preei- 
jiitatc i)asscs into cream-colour, then cooled, filtered, tnuited wi(h 
iiydrosulphuric acid, and filtered again, a.nd the filtrate is evaporaied- 
(Jolourloss sugar then remains, in case such sugar was fiu’mcd by the 
decomposition of tlio glucosidi'S, whilst the second ([eeonipositiou- 
prodnet, even if originally soluble in water, is generally reudcr(,Ml 
insoluble by the white lead. 

The distilled liipiid obtained by luuiilng a glucoside wllii hydro- 
chloric acid, contains, togelluu’ with h^ydrnchloric acid, any volatile 
product that may have bi'cn formed in the (h'coni position. It is neu- 
tralised with havyia or carhonate of baryta, lunited to (l(.'coini)OH(^ 
acid carbonate of baryta, eoncoutrateil by (natporalioii, the gi*(‘a.jer 
jiart of the chloride of liarium removed by (u-ystallisation, the rest by 
sulihato of silver, and the filtrate furtlier examined, 


Amiilui is resolved, by heating with dilute acids, into msculetiu 
jitid sugar ; 

C(?oh» 037 + 3H0‘ « 2a‘'^IFO« 2C’-IPW (Roclilectcr & Sdmrtz.) 

Zwengor and Delffs give other fonnulie. 

The sugar forms crystals, which melt atlOO'b are sweidor fhau 
gTapo-HUgar, and, like iluit substanct^, refluci^ potassioHUipric lartraii,!. 
According to earlier analyses by hochleder & Sehvvartii^ ( b'Av/. Akud. 
iier, 10, 7 G), it contains, at J(hV\ J>7*71 p. carbon, (M)2 hydrogen, 
a, mi 55*07 oxygen, corresponding to the formula 1 lO ; aocord- 

iiig to their more recent analyses (llVtvn Akad, Jki\ 11, it eon- 
tarns, at 100 40'50 p. c. (1, 7*58 IL, and 55^*12 0, agreeing with tlm 

formula It is fermentable. 

Am//gdaUn, in contact with (umilsin and water, is resolved into 
sugar, bitter-almond oil, and hydrocyanic acid : 

+ 4HO «= 2 OTP 2012 + ci4i.jfJ02 + cmL (Uabtg & Wtihicr, 1837.) 

The sugar thus produced is identical in every respect wi I h, dexiro.. 
glucos(j (C). Schmidt). 

Apn/ujioiled with dilute aohls, in decompoged, witli stq'uu'aiion of 
flocks. The filtrate, freed from acid, loaves, on evaporation, a HwmytiHh 
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syrup, which, when boiled with potassio- cupric tartrate, deposits 
cuprous oxide, hut does not give oh the odiuir of caramel wlio.u burnt, 
does not ferment in contact with yeast, cannot ho made to <n’yBtallise, 
and dissolves but partially in alctdiol, with separation of yellow llo(hs. 
Von Planta & Wallace cannot see in these results any evidence of decomposition, and 
therefore do not regard apiiri as a glucoside. 

boiled with dilute acids, or in contact with 
emulsin, is resolvod into hyclroldnonc (Kawalicr’s arctuvin) and 
grape-sugar (Kawalier) : 

+ 2HQ = (Streclcer.) 

The sugar forms crystals which exhibit the properties of grape-sugar, 
and when dried at 100 ® or in vacuo, contain 3()*()4 p. c. carb., 7*05 liyd., 
and 5G-31 ox., corresponding to the formula (Kawalier, Wkn, 

Ahtd, Ber, 9, 293). 

Arnicin or is decomposed by beating wdth dilute 

acids, with soparatioji of dark Hocks and formation of a substance 
which reduces cupric oxide (Walz), 

Bmzohdicin is resolved by boiling with dilute acids or arpicouB 
alkalis (not by emulsin), into benzoic acid, salicylous acid, and grape- 
sugar : 

+ 4HO « Cm^O^ + C^HSO^ + (Piria.) 

Bryonin is resolved, by boiling with dilute acids, into bryorotin, 
hydrobryotin, and sugar ; 

+ 4HO « (Walz.) 

Odimn (C®*JB[®®0^^) is resolved, in like manner, into chiococoaic acicl 
and sugar (Kochleder & Hlasiwetz). 

CJdtrn, boiled for 12 hours, or longer, with a mixture of 1 vol. oil of 
vitriol and 4 voh water, is resolved, with evolution of ammonia, into 
amorphous sugar and a second body not yet isolated. Perliaps in this 
manner : 


0sNH^5oi 2 + 4HO « C^3H12013 + c«NIFOA (Stadeler.) 

The sugar is fermentable, and reduces cupric tartrate (Berthelot, 
Comj)t. rend. 47, 230). 

Colocynthin is resolved, by boiling with dilute acids, into eolo- 
cynthein and sugar : 

CS6H4Soa3 + 2H0 « (Walz.) 

Gonvallarin is decomposed in like manner into convallaretiu and 
sugar : 

+ 2HO = 2C28H®O0 -f (Walz.) 

Convallcmarm yields under the same circumstances, convallamarciiu 
and sugar : 

= e^OHSCotc + 4 C^ 2 H^ 20 I 2 + 2110. (Walz.) 

Convolvuhn and Convolvnlic acid arc resolved, by oil of vitriol or 

alcoholic hydrochloric acid, the former with assumption of 5 at., the 
latter, of 2 at. water, into convolvulinol and sugar ; 



343 


GENERAL VIEW OE THE GLtJCOSIDES, 

C62H'>som + 8110 « C2'‘‘IT-507 + 3C’-4r*0^2. (\y, Mayer, Kayscr.) 

Convolvulic acid. 

When Kayscr (Ann. .JVho'hi.^ 51, 08) (](H‘oin- 
posed coavolvnliu by passin^j;* hydrochloric acid ^'as into th(^ Uilcoholic 
HoUition, and, after leaving,' th,e mixture to itself for 10 days, ('xiinuded 
the resulting convolviilinol with ether, there nanaim'd an acid liquid, 
wJiioIi. was neutralised with carbonate of lead, lilUu'tHl a,nd (‘vaj)ora,i<Ml, 
From the residing absolute alcohol extracted a, sti(‘,ky translma^nt 
sweetish mass, which rodiuiod cupric oxide, yielded caystaJs whim 
brought into contact with common salt, fermeidnsl with, yc'iist, and 
exhaled the odour of sugar when burnt on platiiniin-f()il. — ]\'!ay(U‘, 
after decomposing convolvulic acid with dilute su1pliuri(‘. n.cid, and 
I’cmoving the couvolvulinol, saturated tlm liquid witli carbonates of 
lead, treated the filtrate with sulphuretted liydrogen, cva[)orated it to 
y'g-, removed the separated coiivolvulin by agitation with other, 
evaporated further, and thus obtained a brown sweetish syrup, which 
behaved like grape-sugar, when burnt, also with an alkaline cuiiric 
solution, with bile, wdth sul[)huric acid, with water, and with alcohol 
whether aqueous or absolute, but did not form a crystaUiiu? com})ound 
with common salt, and could not iisc'lf be made- k) crysta.llis(u 31iiK 
syrup mixed in alcoholic solution 'vvith an nlcoholio solution of baryta, 
not in excess, formed a precipitaki comjHiscd like monogluoosatc.^ of 
baryta (p. 328). (Mayer, Ann. Vhann. <S3, 338). 

Orocin is resolved by dilute acids into (jrotictiii and (‘.rocin-sugar : 

co«iri20^b.ino { diiio « 

O'oem-suf/ar, obtained by d(U‘,om])osing crocin in the manner 
described al)ovo, is easily crystallisablc^, sweet, and rtuluccs from 
potassio-oupric tjirtrato, half as ,mu(;h c,u])rous oxide as dcxtro-glucoHC 
(Rochlcd(ir & L. Mayor, Wkn. AkaiLBer, 23, G). 

Cyekmm solidifies when heated with acpieous hydroc/hloriis a,cid, 
with, formation of sugar and separation of a socoild 2 >rodiict. (l)(‘, 
Luca.) 

J)apkmi\ is rcsblyet} by boiling with dilute acids, into daphneiin and 
sugar s 

+ 4110 « (zwo-ugw.) 

Batkcln, treated in the same manner, yields datiscotiu and sugar: 

«=« enmy^ + OnV*O^K (Ktcnlionfic,) 

^Tho sugar is ol)tamed by evaporation, after nunoval of tlic daiis- 
cotin and the sulphuric aeJ<l, as a sweet syrup, which solidifKm in tlui 
semi-crystalline form after standing for some time, and reduces 
potassio-cupric tartrate at lOO"" (S ten house, yl wn Bharm. 08, 171). 

Walk’s BigitaUn is resolved l)y boiling with dilute sulphuric aoid? 
into digitalirctin, paradigitalctiii and sugar. Walz Bnpp(fBC8 the re- 
action to consist of two stages : «. Resolution of digitaliil into 
digitalotin and sugar ; 

+ 2HO « 

1. Further ’decomposition of the digitalotin, 'partly, with abstraction 
of 4 at. HO, into paracligitalotin, partly into digitaliretin and sugar : 
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Walz’i^ dig'italoti 11 decomposed liy dilute acids yields tlic products above 
meutioned (Walz, Delffs). Kosinnmx’s digitalm and digiudw, add^ 
which differ from W alz’s compound in composition find properties, aia* 
resolved by dilute acids into dig'italirctin (whlcli liowcver is not the 
same as Walz's) and sugar. Dccompusitlon of digitaliii ; 

C5tH«o3o + 4HO - + 201=1^3012. (Kosmaini.) 

Eiixmitliic add Erchnaim) is, according to AV". Schmid {Ajdi 

PJianii. 93, 38) a glucoside, which is decomposed by oil of vitriol into 
cuxaiithonc and sugar. According to Erdmann, the products formed 
in this reaction arc cnxanthone and harnathionic acid (lead-salt = 
C1JII70U so^SPbO); Oil thc other liaiid, euxaiithic acid decomposed by 
lieat yields cuxanthone carbonic acid and water. The latter 

decomposition, as well as thc formulae of euxantliic acid and euxan- 
thone,' is inconsistent with Schmid’s supposition ; novcrtli(dcss 
Erdmann’s harnathionic acid bears some rcscmiblaiicc to sulpliamithmic 
acid and other componnds of like nature. (Kr.) 

Fraxin heated ivith acids yields fraxctiii and crystallisablc sugar: 

C54H30O31 4. 6110 =- + 2C13H12013. (Rochledcr.) 

Gcdlodamm is resolved by boiling with acids into gallic acid and 
glucose : 

CS4H2203^ + 8H0 « + Ci^tpsois. (Streeter.) 

For observations of contrary tendency see gallo-tannin. — The sugar exllibiis 
the reactions and composition of dextro-glucose. (Strccker, AmL Fharm, 
90, 331.) 

' By heating' 50 grm. gallotanninwith 50 grm. oil of vitriol and 450 gun. 
water to 90° for three days, and filtering off the gallic acid, a black 
saccharine solntion is obtained, which wlicn neutralised with carbonate 
of lead, mixed with a slight excess of neutral acetate of load, concen- 
trated, freed from lead by sulplmrcttcd hydrogen and decoIoriHcd by 
animal cliarcoal, agrees perfectly with grape-sugar in rotatory power, 
fermentation and reaction with potassio-cupric tartrate. (Bnignet, 
Ann. Chm. Pki/s. 61, 287.) 

The iodinc-compoimd of a tannin occurring in sweet fruits is likewise 
decomposed, with formation of dextnx-gliicoso, by boiling with dilute 
sulphuric acid. (Buignet.) 

Gelatin. — When isinglass is boiled for some days with dilute 
sulphm'ic acid, sulpiiate of ammonia is formed tog’cther with a fer- 
iiieiitable sugar. (G-erhardt, Tmite 4, 509). Ilyaliuc cartilage and 
rib-cartilage, bulled wdth hydrochloric acid, yield* largo (piantitics of 
glucose (Eisclicr & Bddeker, Ann. Pharni. 117, 111). 

Globularin, boiled with dilute sulphuric acid, yields globtilaretiu 
(part of which changes into paraglobularctin [p. 39]) and 

sugar : 

OnoHuo-'S = (Walz.) 

GlycyrrMzm is resolved, when its aqueous solution is boiled witli 
hydrochloric acid, into glycyrretin and glucose. Pcrliaps in tliis 
manner. 

+ 2110 « C''‘T13«0‘* 4- C>*Tp30i2. 
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Tlie uncryBlalliKablc Ksn.t>’ar tlic cliavaclors of grapc-Engar 

(Gorup-BeMailGz). Rotatory power not determined. 

GmtioHn resolved, by boiling’ with dilute f^ulpliuric acid, into 
gTiilioletiu, gratiohu’otin inul sugar: 

2 O 10 xi:!iou (Walz. 

Cxi'iitioletin. G ratioUiretin . 

GvatmoVui in contact with ariucous acids or alkalis is rcB(»lvcd into 
gTaiiosoleiin and sugar; 

2C«dI‘“0'-^ = 2C»^>IF‘Oi7 4- C^Sir^ois .j. 4 HO. 

^i1io (fj‘({ftos(iletlji thus formed is further v<'sulvcd by boiling into hydrO" 
gratiosolarctij). and sugar; 

2C‘'>IF‘(F = 

Part of the hydrogratiosolerctiu is further converted, witli eliniinatioii 
of '2 at. water, into gratiosolerctin, ('Wah.) 

Ifedanihic acid. This name is a])plicd by Ludwig & Kroinaycv 
(N. JJr. Arch. 1)1), 1, and 285) to a sul>stanco, obtaimid from the seed of 
tluj sun([()W(U’ {Ifelaoiilnoi anmnic)^ which is insoluble in cold watur and 
in alcohol, Jiot f('.rmon1a.l)le, and khIucos potassio-cupric larirale only 
after hoiling with acids. 

Ilcllcm lumted with acids or alkalis, or in contact with emulsin or 
yeast, is resolved into salicylons aeid (xii, 2;)r)) and d('xtro-glucc)SC ; 

+ 21.10 == C’ni>‘^0^*A (Firm.)] 

The com})l(jt(i idenilty of this stigar wulh dextvo-glucoso is shown 
by Schmidt’s exjx'rinients on salicin-sugar. — C/dorhdiem ((j®®CIIP‘^0^^) 
(uxhibits a similar reaction, yielding, however, chloro-salioylous 
(xii, 21)4) instead of salicylotis acid. (Jdria.) 

HelhMm is rcsohmd by enuilsiu into saligeuin, salicylouB acid and 
glucose: 

4- 4110 - + Cidl«0‘‘ 4 2C’2jp20^‘'i. (Firia.) 

Indioan is rcsolv(;d by acids or alkalis, indkmm by ticids, into imli- 
glucin (p. 802) and ot.luu’ products. (Sclnuuh.) BeeJudkar. 

Jakipim iu c{)iitm;t with diluUj inimu'al acids is resolved in jalap- 
piiiol and sugar : 

iPiPXyvi 4- UilO « C^iP‘07 4 3C’“IP“(T’^. 

Julappic add^ which, c<udains 8 at,, water mor(s Is d(5(‘,ompuscd in like 
manneu', with assunipLiou of 8 at. wat(,',r, (W, M.ayer.) 

Kinoim is ixjsolved by alcoJiolic hydrochloric acid into kinovio acid 
and kino viii-sugar; 

Ccoh4hO’« 4- 2110 4- (Hlasiwoti!.) 

Kmovin-sygar is ol)tained from the alcohol coMaining hydrochloric 
acid after separation of the kinovic acid, either by Kochleder’s 
method (p. 840), or as follows : The liquid is noutraliscd with anhy- 
drous carbonate of soda (or carbonate of load), and filtered; tlui pro- 
ci}vita(tc washed with a small quantity of strong alc^ohol ; the altudiol 
distilled off; and the remaining liquid evaporated to dryiu^ss cn^er the 
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water-batli. The thick residue is dissolved iu water, the sohitioii, 
liltorcd from the undissolved portion, is evaporated, and the residue is 
dig^ested in absolute alcohol. The alcoholic solution, when evaporated 
leaves the kinovin-sug-ar, to he purified, if necessary, by rc-solutiou 
and decoloration with animal charcoal. — Amorphous, solid, dell(|U(is- 
cent mass, having* a faint, somewhat bitter taste. Gives off wat(u* 
when continuously heated over the water-bath. Dried at 100”, it 
contains 43-34 p. c. carbon, 7*72 hydrogen, and 48*94 oxygen, answer- 
ing to the formula It is isomeric or identical with mannitan. 

Smells like caramel when heated. Reduces potassio-cupric tartrate 
only in concentrated solution. Dissolves completely in alcohol 
(Hlasiwctz, Anil, PJiarm. Ill, 118.) 

Kinovatannic acid is resolved, by boiling with dilute sulphuric acid, 
into kinova-red, and a substance which behaves with cupric sulphate 
and potash-ley like grape-sugar. (Tllasiwetz.) 

The Lyco'podmm-bitter of Kamp & Bodeker reduces potassio-cupric 
tartrate after boiling with dilute acids, but not in its unaltered state, 
and should therefore perhaps be regarded as a gliicosidc.^ 

MmycmtUii^ boiled with dilute sulphuric acid is resolved into sugar and 
an oil which smells like bitter almonds. (Ludwig, Af. Br, Arch 108, 84.) 

MyronaU of potash is decomposed in contact with myrosyn (x, 54) 
and water, yielding oil of mustard, sugar, and other products. (TiUdwig 
& Lange, Zeitsolir. Ch. Fharm. 3, 577.) The formula 
( = + K0,S'Q^ -f given by Ludwig & Lange, is, 

according to Will & Korncr (Ann. Fharm. 119, 37()), more correctly 
and contains the elements of oil of mustard O^NIPS'^, 
glucose and .bisulphate of potash ST-CIIO®. Ludwig k Lange 

also found sulphate of potash among the products of the reaction, but 
iiQ sulphite. 

Ononin is resolved by boiling with dilute acids> into formonotin and 
glucose. (Hlasiwetz): 

C00£-i 34O2» « C-*SH20Oi2 + + 2110. 

Om^in is resolved under similar circumstances into onoiietin and 
sugar (Hlasiwetz) : 

Sudi is the yiew of the reaction given by Litnprichfc (Grundr* d. org, Ckm, Brann- 
schw. 1854, 680.) For Hlasiwetz's formulas, see Ononin. 

The sugar formed from ononin and onospin by the action of diluln 
sulphuric acid, remains in solution after the second product of the 
decomposition has been removed by filtration, the sulplmric acid by 
carbonate of lead, and the excess of lead by sulphuretted hydrogen, 
and is obtained by evaporation as a very sweet fermentable syrup, in 
which granular crystals form after a few days. These crystals rnclt 
at the heat of the water-bath, to a viscid syrup, which remains soft 
after a day^s drying and exhibits all the reactions of grape-sugar. 
(Jllasiwetz, 'Wun. AJead. Ber. 15, 153.) Botatory power not cjcamincd. 

Pamtyphnm boiled with dilute eulpliuric acid is resolved into paridin 
and sugar ; 
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The paridin tlins prodiicocl ih resolved, hy hoiling' with ahxrgci'^qnautity 
of dilute sulphuric <icid’( ? ), into paridol and sugar : 

+ 2110 = (Wak,) 

IVnhjrbi is resolved hy lioning* -with dilute hydrochloric aidd into 
pUilyg’eniii and grape-sug’ar ; bylactous fermeutatiou, into philygcniii 
and the products of the decomposition of gTape-sugar: 

+ 2110 « C»- 1 F 0^2 + (Bertagmui.) 

Troni the solution freed from pliilyg’onin and hydrochloric acid (liy car- 
bonate of lead), the sugar crystallises, after evaporation audrc-solutiou 
in alcohol, in warty masses oxlhbiting the properties of grape-sugar, 
(i^ertaguini, Ann, Pharm, 92, 110,) 

Phlorhizin is docontposed by dilute acids, not by omulsin, yielding 
phlorctin and sugar (Stas) : 

C42H2‘JO=o + 2H0 « (Streckcr.) 

PJilorctm boiled with alkalis is resolved into idilorotic acid (xiii, 308) 
and phloroglucin (p. 00) ; 

+ 2110 - CiTP‘’0'5 + (IIlasiwetK.) 

Phlorhizin-sugar is difiicult to crystallise, and (exhibits the |)ropcr- 
ties and composition of cryntallisabh'. graposngar. (Stas, ybnn Pharin, 
30, 200,) It rcducoB tbo sanu^ (fuantity of cupric oxide as dextru-ghw 
cose, (Jtosor, Ann. P/iann. 71, 178.) 

Pimpierm splits up into crknnol and sugar when its acpicous solu- 
tion is heated witli acids; 

C’«IFO--^ -s 4110 (Kawaherd 

Erimlln treated with dilute acids yields the same products in other 
proportions : 

+ mo « + 4C’2HJ=0«. (RoeWoaer & Schwarz,) 

The sugar produced from pinipicriii is rendered uucryHi^iiUtsable by 
the foreign sulietancos contained in it ; at 1 00“ it becomes'soft ; at coin- 
mon temperature it is solid and britth^, and is (nwily rcaluccHl to ih 
yellowish powder containing 2 ]>. ash, and afttu* dcMhusticm of this, 
391)6 p. 0 , (h, 6'62 XL, and 54*32 0,, corresijonding approxiiuaUly to 
the formula (Kawalier, Wim, Akad. Jier. 11, 352,) 

Populviy when boiled with' dilute acids, splits up into benzoic acidy 
saliretin and glucose (Piria) : 

+ 2110 «=» C»^lPO’‘ + C»'‘XFO» + 

Proiphtin is decomposed by ebullition witli liydrochlorio add into 
propheretin and sugar : 

Quercitrin is decomposed by dilute sulphuric acid into quercetin and 
quercitrin-Biigar (Rigaud) ; 

OiQlimoiO 4 . 4HO o. (Hlasiwctz.) 

Quercetin is further decomposed ■ by boiling with potash-ley into 
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x]iicrcctic acid and pldorogluciu (p. G5). (illasiwcte.) The saiou pro- 
ducts arc obtained, but in different proportions by the decomposition 
of Alflm- quercetin : 

+ 4HO == + 2Ci-IFO^ (Hlusiwet'A) 

CtiiercUrm-siigar is obtained as a lig*lit-ycUow syrup, wbjcb solidities 
ill a crystalline mass on standing for a few days over sulplinric acid, 
by filtering off the quercetin, separating the sulplnirio acid by car- 
bonate of baryta, evaporating- on the water-bath, decolorising with 
animal charcoal, and again cAuaporating-. It has a sweeter taste than 
dextro- glucose. Docs not rotate the plane of polarisation. Dried in 
vacuo, it contains 34-78 p. c. 0., 7*24 H., and 57*08 0., corresponding 
to the formula (calc. : 34;G5 p. c. 0., 7*47 II.) When 

Avariiied with potassio-cupric tartrate, it immediately reduces tlic same 
quantity of cuprous oxide as Avould be reduced by dc^xtro-glucosc. 
(Eigaud, Ann, Pharm-, 90, 195.) 

Schunck’s Puhicmic nefe? splits np into ali>;arin and sugar when boiled 
with dilute sulphuric acid, or with aqueous alkalis, or hy contact with 
Avatcr and crythrozym. + 5110 = 20^*II®0^ (Alizarin, acoord- 

mfftoSctock^ see xiv, 137 ) + Kochlcdor’s Huherjjihric acitl, 

QTaj-pQM Qj. perhaps identical with the last sxibstaucc, yields 

the same products when heated with hydrochloric acid, = 

4- lOHO, or = 2P'^ID0« + l^ 

4- 3H0. (Rochleder.) * 

In the complicated decomposition of Schunck^s liuUcm by the same 
reagents and by chlorine, sugar is obtained together with various 
other bodies. &ibihjdrm and Piilidehydran behave in the same way. 
(Schunck.) 

Saliciii is decomposed into saligenin (xii, 233) and glucose by con- 
tact with emulsin : 

+ 2110 = (Piria.) 

The sugar is in every respect identical with doxtro-glucosc. (Schmidt.) 
By boiling with dilute acids, saliretin is obtained in place of saligenin 
(xii, 232). (Piria.) 

Bapomn is decomposed into sapogeniu and saponin-Bugar or gluc()H(^, 
when boiled Avith dilute acids. (OAmrbeck; Rochleder &' Bchwarz, Hc<i 
p. 54.)^ See Saponin ioY the conjectural equation of decornpositioni,) Bciu^glfi 

(isomeric Avith saponin, according to Bollcy) yields, bedsides sapogfmiu, a 
substance Avhich reduces potassio-cupric tartrate. (Bollcy.) 

Baponin-sm/ar remains in solution after the' sapogciiiu has beem 
filtered off, the acid removed by carbonate, or oxide of kad, aaid the 
excess of lead by hydrosulphurlc acki ; and, by treahuciit with animal 
charcoal and evaporation, is obtained as a tasteless, yelloAvisli brewii 
residue, easily soluble in water. (Kochlcdor & Schwarz, UBau AhuL 
Ber, 11, 339.)— When saponin is decomposed Avifcli diliilo sidpliurit; 
acid, glucose remains in solution after removal of tluj excess of acid, 
and may be obtained crystallised by evaporation. It has a swc'ct 
and reduces an alkaline solution of cupric oxide in tla^ eold. ((hauBedi, 
W Br, Arch, 77, 135.) BoIIey did not succeed in dcBninining Haponin- 
sugar (by means of an alkaline solution of mipric oxid(^ V). (/I iw, Phnrin. 
91, J20.) {.Vaw/iird ohtabied gum, but no sugar, from sapoinn, hy 
means of dilate stilphuric acid. {Pharm, G, efll.) — Saponiib 
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Biigar dried at 100” coiitaiim, acieovdiiiji;’ to K(>dilo<Icr & ScliwarZy 
4X'99 p. c. O.j 0*55 IT., and 51*10 0., correspoiuling' to tho foriiuila 

Smmm.o)i)/-resui. and add ((J*’®] l“0^^3TI0) Bjdit 

ap into Bciuniuoiiolic acid and Bugar hulled with dilute acids (or 

Avitli baryta-water) : 

louo 

Like jalapiii (p. 3'i5)j therefore, Ivnt with tlui differeuc(' tliat, inwi(^ad of 
llio |)rodiict corrcs[)oiidlug to jala])pinoI (wliieli is couvcu'te.d by strong 
l)as(‘s into jalapijic acid), a product containing 1 at. water less is 
lonncd. (Spirgatis. — On tho (highly probable) identity of scaminony-reijin with 
jalappin, sec the coinpovmcls with 32 at. carbon.) 

The sugar remains in solution after separation of the scammonolic 
and sixlplraric acids, and can he obtained in sweet-tasting larnimx'. 
grouped in cauMower-like sljapOB, wliich behave like glucose with 
sulphate of copper and potash-ley, when heated, and when fernicntcd. 
(Spirgatis, Ann, Plmrm, lid, 305.) 

Smilacm is slowly dc^coiiiposod wlicn boiled with hydrochloric acid, 
with separation of a jelly and ■ formation of sugar. (0. Gmchn, Delffs, 
Wak.) 

Soimm splits up into solanidin and glucose, when l)oilcd with, dilute 
acids : 

+ cno « C‘>«NrP‘^0‘* + 3C^‘hP*0«-. (Zwuuger & ICiiul, 0. GmcUa.) 

The sugar ciylallises will, and possesses tho roadions and com- 
jiositioiiB of dcxtro-gTucose. (Zwougiu: & Kind, Ann. Phtirnu 113, 149.) 
Jdotatory i} 0 wcr not dehu'miued. 

llinjln is decompoB(‘d, by heating its alcoholic solution with dilute 
acids, into thujeliu and sugar : 

+ 4Ho « + cjsip-.'O'^. 

'When it is heated for a shorter time, tlmjincnin may also he 

formed in place of the thujetim— Thujin, heated with haryia-watoi’, 
yields thujetic acid and suguir: 

+ IK) « (Uochledcr Kawuliur.) 

When thujln has been decoinpuseil by aihls, the sugar rennuns in 
solution aft(vr removal of the thuj<diii and sulphmh^ a, chi (by (?m*bonal(^ 
of baryta), and, by evapura/tion and drying at 100", is obiaiiuMl ns a 
colourless mass, which is easily rmhiciH*! to a whit<‘. povnkn* whmi cold, 
and contains 39*83 p. c. U,, an<l (}*H1 11., <;orrc‘Spon(li ng to the formula. 

its acjucous sohitiou docs not crystaHise cveti aftea’ siamling 
for several months ; it reduces tho same (|naniity of (mfvric oxide as 
dextro-glucoso. Tho sweet sugar of the same composition, produeiHl 
by the action of baryta- water, solidifies (after rctuovalof tho baryta by 
dilute sulphuric acid, of the excess of sulphuric acid by basic acetate 
of lead, and of the load by hydros iilphnric acid) to a crystallino mass 
when its solution is allowed to stand a short time after evaporation, 
on tho water-bath. (Rochleder & Kawalior, Wtm. Akal Ber. 29, 12.) 

Xanthorkmmm is’ decomposed into rhamnetin and sugar by boiling 
with dilute acids : 

C4<5n»os« + GUO (adUitly.) 
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Sorbite. 

C“II”0“ or C^IPO". 


Pelotize. Compt. rend. 34, 377 ; N. Am. Clam. Phys. 35, 222 ; JV. J. 

Pliarm. 21, 321 ; Ann. Phann. 83, 47 ; J.pr. Ohem. 5G, 21 ; Pharin. 

Centr. 1862, 257. 

Sorbite exists in ripe mountain-ash berries, the fruit of Sorlus Aucuparia, {Mand- 
huchj viii, Phytochem. 17.) Byschl {N, Pepert^ 3, 4) did not succeed in obtaining 
crystals of sorbite from the juice of fresh mountain-ash berries, but found instead an 
amorphous, unfermentable sugar (ByschFs amorphouf sorbin), which dissolved easily 
in alcohol. 

Preparation, The expressed juice of inouiitain-ash bemes, gathered 
towards the end of September, produces deposits and vegetations when 
left to itself for IB or 14 months, and at last becomes clear again. 
The clear liquid is decanted and evaporated to a thick syrup, when it 
yields repeated crops of crystals, which arc obtained pure by two crys- 
tallisations with help of animal charcoal. 

Properties. Colourless, transparent, hard crystals, belonging to 
the rhombic or right prismatic system. Fig. 53 without i and a. Kboin- 
bic prism y, whose edges are perpendicularly truncated by p and m ; 
further the right terminal face t ; between t and m the horizontal 
prism w, and between y and m a second rhombic prism y'. —y :y over 
/)=;142° 53' (obs.); i^.MiOver «=:141° 11' (obs.); uiu over 9?^s=: 
38° 49' (calc.); y\y over m=: 37° 7' (calc.), = 36° 26' (obs.); = 

161^^26' (calc.); y:m=:108° 33' (calc.), =108° 10' (obs.); y:y=: 
164° 20' (obs.); 2 i:i = 160° 35' (calc.); : w = lOO"" 24' (calc.); y\u 
= 06° 4' (calc.), = 96° 32' (obs.) (Berthclot, N. Ann. Chm. Pliys.' 'd(>, 
222 ). 

Grates between the teeth. As sweet as cane-sugar. Sp. gr. 1*654 
at 15°. Molecular rotatory power at 7° temperature, [a] y = 46*1)'', 
only slightly variable with the temperature, and just as great in a 
freshly-prepared solution (Bcrtlielot, Cliim. organ. 2, 252). Contains 
equal numbers of atoms of carbon, hydrogen, and oxygeii : licnce, no 
doubt, it is (Felouze), 

DemnpoMom. 1. Gives off acid water when haUdj and is con- 
verted after some time at 150° — 180° into a dark-red mass, which 
consists chiefly of Pelouze’s Borlic acid. [Not tbe fsame as HofmaiuCs sorbic 
{Ann, PMrm. HO, 129; (Jhem. Soc, Qu. 12, 43.)] On disH(dving the 
residue, which is insoluble in water, aqueous acids, or alcohol, in a(|iKH>nH 
ammonia or potash, a dark-brown solution is obtained, from whk;h 
hydrochloric acid throws down amorphous dark-red llaluis; th(‘se 
contain, after drying between 120° and 150°, 57’9() p. c. 01, 5*51 IL, 
and 36*53 0., corresponding, according to Pelouzc, with the formula 
Their solution in ammonia- water gives coIoiiixhI inxicipitatc^s 
hietalHc salts; with lead-salts one containing 5.1%‘)5 p. c. hnul- 
— ^C^®*0^®,3PbO, according to Polouze,— 2. Borbitc merits wlum 
; quiqMy and burns away with a smell of earn- 
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niel, — 3. Jlot nitric acid GomertB it into oxalic add (Pdotizo.) Oxi- 
diBing agoiitB ako produce ratjoniic acid (x. ?34C) from sorbito (Dcb- 
BaigacB, Bull. H^oc. Chim, Pam^ l<Sbl, 32). — 4, Not aUorcMl wlion lieaicHl 
witli dilute acids \ coloured nHidiHli-yellow by oil of vitriol^ oliarred ou 
]}(;atiug. WlioM l)eat(Ml for wnauud boiirB with lm\\\\\^lnf.m:hlork add^ 
it is couvciixul into hiimoim Hubstiuux^s iu the sa.me- way as glucose 
(|>. 315). (IhTtludot, (dim. organ, 2, 252.) — 5. Horliite, Ihu^xmI to 100® 
witli tartaric add, yi<dds a Kiuall quantity of a Hubstauce bclougbig to 
the cl USB of saccharidc^s (p. 31(5), wliose lime-salt r(‘(luces jiotassio- 
cnpric tartrab^ (J3(‘rthelot, N‘. Ann, Chun. P/igs. 54, 82). — (5. Becionies 
bi’ovvu when lieat(*d, with potadideg., and (wolvc^s a smell of caranud. 
IIeat(Hl with lime, hydrate of baryta, or oxide of lead, it bchavos in 
the same way. — 7. The solution of cup7ic hydrate in aqueous sorl)it(S 
and aqueous solution of soid)itonuxcd witIi7)eifa.w-c?/;n7V; tartrate, deposit 
cuprous oxide wlien warmed or left to stand. — 8. Not fermentable 
with (Pelousse), not even after being heated with acids, hut, when 
left to stand in contact with c/n^ese and at 40®, it suffers a decom- 
position wlvioh gives rise to a large quantity of lactic acid, alcohol, and 
butyric acid, without previous formation of a fermentable sugar 
(Berth elot, Jf, Ann. Ckim, Phys. 50 , 850 ), 

Comlmntions. Dissolves in about pt. cold water. The saturated 
solution has sp. gr. 1’372 at 15°. — Forms, witli chloride of sodium, a com- 
pound crystallising iu cubes. — A(pic()us sorhiic dissolves hydrate of lime 
and hydrate of baryta, Tlie solution of the fornua' deposits lloeks when 
licatcd, decomposition occurring at the same time. 

Borbitc ivlih Lead-oxide. — Aqueous sorbito dissolves oxide of lead; it 
does not pr<.H)I])itate basic acxdatc of h^ad, but ou addition of ammonia 
tlirows down a wliitc precipitate, which, while being dried, Bnudls of 
caramel, and contains, on tlie average, 74*5 p. c. oxide of kjad, 11*2 0., 
and 1*48 IL, corresponding to the formula O^^IPOV-FhO (calculation: 
74.-i p. c. load-oxide, 12*0 0., and 1*5 Jl.) (PcIouKe). 

Aqueous sorbite dissolves cwjin'aic /q/cfmjfe. — It is insoluble iu cold, 
slightly soluble in boiling, alcohol (Felouzc). 


Inosite* 

J. Scinsnntt. Ann. Pharm. 73, 322 ; J, pr. Clmi, 50, 32; Pharrn. Cenir* 

1850, 422; K J. Pharm. 18, 71 ; Lick Kopp, ,/ahreshcr. 1850, 537. 

> — 7Mdic, VerhandL 1851, 2, 212 ; Pharm, 81, 375; J.pr, 

Clmn, 54, 4-05; Pharm, Centr, 1852, 11)2; Lieb, JCopjh JahmheK 

1851, 552. 

VonL. Ann. Pharm. 99, 125; abstr. /. pr. Chem, 69, 299; ff, Ann., 
(Mm. Phys. 48, 380. — Arm. Pharm.lOl, 50; J, pr. Ckem, 70, 489; 
Chem, Centr. 1857, 356; together with the first paper : IJeh. Kopp. 
Jahresher. 1856, 607. — Ann. Pharm, 105, 330: abstr. J.pr. Chem, 
74, 125 ; Chem, Centr. 1858, 446 ; Kopp^s fakrmber, 1858, 480. 
Clokota. Zmicher Naturf Y&rhandl, 3, 402 and 4, 174; Ann, Pharm, 
99, 28D; J, pr, Chem, 66, 211 and 70, 112; abstr. If, Arm, Chim, 
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Ph}s.i{\ 3()9; Chem., Gaz. 185G, Cl; IM, Kopp, Jalimhr. 1855, 

747 and 185G, 708. 

Imsin, ’Phasmmmiita. Discovered by Scl'iercr in 1850. — E. Simon, 
(JSF. Br. xirch. 29, 180), designates as P/V/56>eZ/M a substaiiuo, extractoil 
by ether from the alcoholic extract of white beans, which yields, with 
cmulsin, a volatile oil 

Occurrence, In the muscle of the heart (Scherer). Di the lungs, 
kidneys, liver, and spleen of oxen (Cloetta), also in tlie brain (W. Mul- 
ler). In the Imman Indneys, and in the urine of a sufferer from Bright’s 
disease (Cloetta). At most, to the extent of p. c. ^ Many other 
parts of the animal organism have been examined in vain for iuosito. 
{^teHandhuch,Miix, Zoockem. SO, 205, 489, 5l2).~In green kidncy-hcans, the 
unripe fruit of Phaseolus vulgaris (as much as f p. c.) (Yohl). 

Preparation, From organs of the animal lodg. 1. The jnusclo of tlic 
heart, or other organs containing inosite, is exluiustcd with wat(n’ as 
directed (x. 250) in the case of creatine, the phospliatcs are precipitatCHi 
from the liquid by baryta-water ; the fdtrate is evaporated ; and 
creatine allowed to crystallise out. The motlier-lcy is treated with, 
dilute sulphuric acid to remove the dissolved baryta, and, after romcnnil 
of the sulphate of baryta, heated as long as volatile acids escape. It 
is then, in order to remove the last traces of volatile acids and of 
lactic acid, repeatedly shaken up with ether as long as anything is 
taken up from it. The liquid, separated from the ether is mixed with 
alcohol till a turbidity begins to appear ; then, after standing for some 
time, it is poured off from the precipitated sulphate of potash, and 
mixed with more alcohol, whereby crystals of inosite mixed with sul- 
phate of potash are obtained. The crystals of the former arc picked 
out and dissolved in a small quantity of warm water, which loaves the 
more difficultly soluble sulphate of potash, and arc purified by recrys- 
-tallisation (Scherer). — 2. The fresh-chopped tissue is covered with 
water, and allowed to stand for 24 hours in a cool place with frequent 
stirring; the liquid is then separated and the residue pressed ; the solu- 
tion is heated with a little acetic acid to separate albumin and luema,- 
tiu ; strained, evaporated on the water-bath to one tcnitli; preci})itat(!d 
with sugar of lead, and filtered ; and the filtrate is mixed with Imsu^ 
acetate of lead, whereupon inosite is thrown down in conibhiatiou whJj, 
oxide of lead, accompanied, when those are present, hy uric acid, cysthi, 
and other substances. The precipitate, after being BomewJuit wasliod, is 
decomposed under water by hydrosulphuric acid, and the licpiid fil- 
tered from the sulphide of lead ; it then sometimes deposits crystals of 
uric acid, and when evaporated to a small bulk on the watcr-hatli, ancl 
mixed with alcohol till a turbidity is produced, it yields crystals of 
inosite (Cloetta). Sugar of lead may also bo added at once to the 
water used for making the extract (W. Muller.) —3. The liquid from 
which the inosite is to be separated is concentrated by evapomtioii, 
and mixed, boiling, with three or four measures of alcohol ; if a large 
precipitate, which sticks to the bottom, is thus produced, tlie llpiid is 
poured off hot, but if only a slight, not sticky, precipitfitc is produced, 
the hot solution is filtered through a previously heated funned, and left 
to stand for 24 hours, when crystals of inosite are deposited, and are 
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waBhcd witli a Bmall (piautity of cold alcohol If ilie precipitate 
catised bj hot alcohol is dissolved in a small qtiaritity of boiling’ watcjr, 
and treated like the first solution, a fiirtlnn’ rpia.ntity of iaosite is 
obtained. — Tii case no inosite s(iparat(^H from th(i coohu! solution, the 
crysta-llisation may b(‘. facililated by adding ether till a turbidity nnnaiim 
after shaking (Coopta lan(‘, Ann. l*harnh. 117, 118). 

From, French — The fruit cut up in the bean-mill is hung in 
a pressing- bag for half an hour in boiling water, or in stciaru, ‘whereby 
it is rendered fit for pressing; the expressed litpiid is then evaporjited 
to a syrup on a watcT-bath, and alcohol is added till a permanent l-in> 
bidity is produced. The crystals which form, arc purified by nrpeated 
crystallisation from water with help of animal charcoal (Void). VoW 

formerly destroyed the sugar of the beans by fermentation at the beginning. 

Prnperim. Anhydrous inosite is obtained by drying crystallised 
inosite at 100® ov in vacuo, as a white efilorcsced mass, which nudts 
oidy at a temperature oxcccidiiig 210°, — then yielding a colourless 
li(pfid, which solidilics in the crystalline state when quickly cooled, and 
to an amorphous mass when cooled slowly, — hut does not lose w(figh,t or 
nmlerg(y further alt(u-ation (H(5h(‘rer). White, opa,<pie crystals of an- 
hydrous inosite S(iparate wlnm tiny a-ipieous solution is (uyohul lyelovvO'l 
(Void.) Tastes pnr('ly swe-et. lias no rotatory power. (Void.) 


at 100®, 

or in mcno 


Sekorer. 

Vohl. 
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Void examined inosite from beans. 

I)(minjH>sifknr, 1. After dehydrated inosite has Ixyen melted above 
210°, it swells up whom more strongly ami cvr>Ivcs gas 

which burns witli a pale blue llamo ; it is aftru-wards charred, and then 
burns with a lyrightly luminous flame, leaving an (easily combustibhi 
cinder. (Scheren,*.) When (piickly hoa,t(,ul, it gives off vapours which 
excite tears andprodnccjHaBmellof burnt suga.r. (Void.) — 2. A([U(M)nB 
inosite is not alTetded by (Gornp-lh^simex, .Ann,, Phann.. 110, 

103.) — S. Tlic solution of inosite in dilnOs nltrk add does ‘not give off 
nitrons o-cid till mochu-atidy coruusnira,t(}d, a,nd, al’hw (jvapora4ion to 
drytiesB, contains oxalic a<ml. The a<pUHy\m solul.ion of th<^ nisiduo, 
frcHul fnnn oxalic a.eld by e-arbonate of lime, ileposits, on sia^ndiug, mag- 
nificent purple-red flocks, solnbh^ in <lilu by acids and pnaapitabhy wllbout 
alteration by ammonia. (Void.) VVIkuii aqinsouH inosite is evaporated 
nearly to dryness withiiitrki a(k,l, th<i residm*, moisiened witli ammonia 
and a small quantity of solution of chloride of caleinm, and again 
evaporated, leaves a rose-coloured residma (Bclifu-er, Vohh) Iridsito 
dissolves without evolution of gas in cold or boilin|»- nitric acid of sp. gr. 
1*52, forming a solutioii whence oil of vitriol precipitates nitro-inosito. 
(VohL) — 4. Dissolves without coloration in cold oil of vitriol^ or in oil 
of vitriol heated to 100°, and is not blackened till more strongly heated, 
and then evolves sulphuroits acid, YVohl) Inosite is not altered by 
boiling with dilute acids. (Scherer, Volil)^ — 5. May be boiled with con- 
centrated peteA-%, or with haryta-xoater^ without alteration or cclpra* 
tion. (Scherer, Vohl) — 6. The aqueous solution mixed with wpm 
rot, XV. 2 A 
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sulphate yields, on addition of potasli-ley, abliiisli green precipitate ivliich 
qnickly disappears on addition of excess of potasli. No coprons oxide 
separates from the solution on boiling, but a light bine precipitate falls 
when the liquid is left to stand for several days. (Scherer.) Aqueous 
inosite yields, when heated with tartrate, a green solution, 

whence a bulky green precipitate separates, the supernatant liquid 
again becoming* blue. After removing* the precipitate, the hltrato 
shows the same change of colour when heated. (Oloetta.) The change 
of colour, which occurs on heating the deep azure-blue mixture of 
inosite and potassio-cupric tartrate, is not remarkable, and is due, as 
well as tlie production of the precipitate, to the presence of traces of 
foreign substances. (Yohl.) — 7. Inosite is not capable of undergoing 
vinous fermentation. (Scbercr.) In contact with cheese, flesh, or de- 
caying memhrare, and chalk, it undergoes lactons fermentation, ’ car- 
bonic, lactic, and butyric acids being formed. (Scherer, Yohl.) 

Coinhltuifms, — WUh. ^Vater. — llydratorl Inosite, C^^n^®0^-,4T]'0. 
Obtained from concentrated solutions, in tabular crystals rcseinbllug 
gypsum, an inch hmg and several lines broad. (Yohl.) Obliqucj pris- 
matic crystals, for tlie most part in cauliflower-like groups. (Hchcror.) 
Prisms belonging to the right prismatic system, with angles of 52' 
and 41° 8h (Gloetta.) Sp. gr. 1*1154 at 5°. (Yohl.) The crystals 
become white and opaque in dry air, in vacuo over sulphuric acid,' oi* at 
100°, and lose 16*6 p. c. water of crystallisation (4 at. = 16*66 p. c.), 
being converted into anhydrous inosite. (Scherer, Yohl, Cloetta.) 

liydrated inosite dissolves in 6 pts. water at 19° (Yohl), in 6-J pts. 
at 24° (Cloetta). The concentrated solution, of sp. gr. 1*0548 a£ 19°, 
is not syrupy, and not subject to spontaneous decomposition. (Yohl) 

Aqueous inosite dissolves chloride of sodium and chloride of potassium, 
which crystallises out alone on evaporation. (Yohl.) 

Solution of inosite does not precipitate sohition of suyar of lead 
Basic acetate of lead throws down from aqueous inosite a transparent 
jelly, wdiich after a few moments becomes pasty and white, and dries 
up, after being washed with water and alcohol, t() a yellow pnlvcrisablc 
mass, which at 100°, contains 76*5 p. c. oxide of lead, corresponding 
to the formula (calculation; 75*0 p. c. h'ad oxide). 

(Cloetta.)^ The formula wbieh oomtaim 1 at. water less, agnscB 

better. [ICr.] Vobl got no le)ul-.<!alt of consiant eomposition. 

Slightly soluble in cold aqueous alcohol, more so1nl)Io at the boiling* 
beat; insoluble in absolute alcohol Does not dissolve in ether. 


Nitro-inosite. 


Yohl. he. cit 

Imsine hewanitriquei 

Dehydrated inosite is dissolved in nitnc acid of sp. gr. 1*52 and the 
solution is precipitated with oil of vitriol. The product, which, according 
to the temperature retained by the mixture, separates either as powder or 
a& qh-drops which solidify to crystalline masses, is well washed with 
lyater and recrystallised from boiling alcohol. 
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iniombolicdrons, often some lines in length. Melts to an oil when 
heated, and solidifies to an amorphous mass which becomes crystalline 
after a few days. iY'rinancnfc in diy or moist air. 
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.Deflagrates without residue wdicn quickly heat&l^ and detonates 
under the liaimner. — Decomposed when warmed with concentrattid 
adds — Dissolves with dark brown colour and evolution of a,minoriia in 
cold or warm 2 >f}tash~lqi, The alkaline solution preci|)ita,tes cuprous 
oxide from potmski-cupria tartrate, and a mirror of metalliti silver from 
ammoirlo-nitrate of — Nitro-inosite treated with nitric acid, 
ammonia and chloride of calcium shows the coloration of inosite (]). 353). 

Insoluble iiuen/^?* ; dissolves easily in alaohol 


Scyllite. 

STAnur-EW &; PiiKRTCTis. J. y»'. ('.V/m. 7.^, -18 ; O/vm. C'cn?)-. IS.'ifi, 872 ; 

(JheM. Oaz. I85H, 281 ; K(yp}>\s JahrrsJier, 1858, 550. 

Ocemremr. Most abimdanliy in thekidm^ys of the ray and shark, 
also In the liver a, ml spk.Mm of tlic^ Forni(,u‘ a, ml in the liver arid gills of 
the latter. In the kidiuys of th(‘ prickly dog-nsli. 

Preparation, The. organs of the ahovo-mentionod fishos, triturated 
with coarsidy-powdered glass, tire stirred np with DJ- to 2 measures of 
al(?ohol, and *pr('SH<Hl, tin* residm^ is treabul again with "a, small (]uant;it.y of 
nkjohol, atul tin', extracts are filtered and (iva.porat(HL Tlui residing is dis- 
solved in water; the fat and utidissohuMl gelatinous nuitter luv, filbux'd 
off; and the filtrate is evaporated to a syrup, (‘.ovnux'd with hot, a.hHolute' 
a-lcohol, and It'ft to stand for 2-1 hours, wlnu’chy nr<s*i, sound, inu'S also 
kmcine, tyrosine, a.nd otlnu* hodic^s pass into solution, whik^ a brown 
mass separate's out,. This is dissolveMl in waU'r a, ml left to ('veiporaie 
spontaneously until crystals luive stqairabMl, wlnc,h a,ri^ then I'canoved 
from the inotln'r-ky a, ml fn^ed from the chloride of sodium, which Ims 
also e.rystalliseul c\it, by ..mt'eduuncnl sekr.tion. Th(s cryBt,als, whiidi 
are cither taurine or scyllite^, or a mix hire of both, arcs in^afcul with 
basic acetate ()f lead in moderately concumtrated solution, and so yudd 
the insoluble lead-compound of scyllite, which is decximposed under 
water by hydrosulphuricj acid. The seyllitcs is obtained crystalliBed 
by evaporating tlui solution filtered fnmi the sulphide of load, or by 
slowly adding alcohol to it. 

Properties. Isolated, well-dcvolopod prisms or ■^ables, possesBing a 
strong vitreous lustre, belonging to the oblique prismatic systeiri, the 
base abutting on the acute edge ; when rapidly formed, they resemble 
dnosito.. Taste, slightly sweet. Formaaent in the air. Neutral 

2 A 2 
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JDemnpositions, Melts with difficulty when heated in a glass tube, 
swells np when charred, and evolves acid vapours and a smell of 
caramel. ~iiw.r/w with flame upon platinum foil, leaving an easily com- 
bustible charcoal — Not altered by oil <tf vitriol, oiihox cohl or slightly 
warm; decomposed when heated, with evolution of sulphurous acid, the 
solutiou acquiring a ycdlow, and at last a red-brown coh)ur.— Does not 
colour boiling sod({,4efj, or reduce all-aline ciqmc solutions.~-Wiih mtriG 
acid, ammo ilia and chloride of calcium, it does not behave in the same way 
as inosite (p. 353). 

Less soluble in imt&r than inosite. Insoluble in cold mtric acid of 
sp. gr. 1*3 ; dissolves slowly in tlio same acid when boiling, and is 
precipitated without alteration by alcohol. — Sugar of lead does not pre- 
cipitate its aqueous solution ; lame acetate of lead throws down a pasty 
precipitate. Insoluble in alcohol, and prccipitable thereby from its 
aqueous solution. 


Saccharoidal Sahstances 

Mannite. 

Proust. N. Geld, % 83 ; Ann, Chim, 57, 148. 

Buchholz. Taschenbuch, 1809, 150. 

A. Vogel, Schv, 37, 365. 

Brendecke. iV. Br, Arch. 16, 49. 

Pavbe. JSf. Ann. Chim, Phys.ll, 71; J. pr, Chem, 32, 362. 

Knop & ScHNEDERMANN. Ann, BJiarm. 49, 243. —Aw. Fharm. 51, 
132 ; /. pr. Chem. 32, 411. 

Leuciitweiss. A7m. Fharm. 53, 128. 

SmECKER. A^m. Plumn. 73, 68. — 92, 80. 

A. Knof. Pluwm, Cmtr, 1849, 801. — 1850, 49; Ann. Fliann. 74, 347; 
/. pr, Chem. 48, 362. 

Berthelot. Cornbmations with acids : Co^tqn. rend, 42,1111; J. pt\ 
Clmn, 69,450; Chein, Centr. 1856, 625; in dcdail: iV. Ann, Chim. 

47, 297; ahstr. Lieb. Kopp. Jahmber, IShiJ, 652. — F(n’m(uq;a,- 
tion : Compt, re?ul 43, 238 ; N. J, Fhami, 30, 2()0 ; J. pr, Chem. 
09, 454; Cheffi. Centr. 1B56, 7-19; in detail: If. Ann, Ohm. Phijn. 
50, 322 ; abstr. JAeh, Kopp. Jahresber. 1850, (t64 ; and Ah/y/.v Jakm’- 
her. 1857, 500. — Occurrence: W.Ann. Chim. Fhp,^. 4(5, 83. — Solubility 
of Lime in Mannite, N. Atm. Chim. Phm. 46, 173 - ' Uhimk orqanh/ue, 
Paris, 1860, voL 2. 

Ubalmni. Compt retid. 45, 1016; N. J. Fharm. 37, 50 ; J. pr. Chem. 
74,221; Chem. Centr. 1858,175; in detail: N, Ann. Chm. Fhm. 
57, 213; Cimento, 7, 113. 

De Luca. Compt. rend. 47, 295 ; If. J, Fharm. 34, 353; /. pr. Chem. 
77, 457. 

Gorup-Bksanez. Ann. Fharm. 118, 257. 

Erlenmeyer k WANRLm Zeitschr. Ch. Fharm, 4, 006 ; Froc. Mot/. 
iSoe. 11,447. 

Linnemann. Ann. Fharm. 123, 130. 

« 

discovered in 1806 by Proust. — A con- 
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stituent of tlic manna wliicli Qxudos, hom Fraaimis roiundifolla, F. Ornus 
and F. excelsior; according to Louclitwciss (Ann. Pliarni. 53, 127), it forms 
42*G p. c. of Afanna canellata, 37*6 p. c, of M. canellatainfragumitis^ 32 p, c. 
of AT. calahrma. — It is found in the marina from the Capo Vord Islands 
(Bortliclot); in the manna of the spiudlo-troc, produced by tlio punctures 
of Aphis Evomjmi (Lassaigne, J. Phann. 4, 52(5); in tire liouoy-dew of 
the lime-tree (Langlois, J. p>T. Chem. 20, 444; Reiusch, Jakrh. pr. 
Pharm. 14, 153) ; in Lactucarium (Ludwig, N. Pr. Arch. 50, 1 ; 
Aubergicr). — It remains doubtful whether maun ite is contained in : 
the manna of Plnus pkea, which, according to Barwinkcl (Perl. Jakrh. 
26, 1, 191) behaves like ash-tree manna; in the honcy-dew which, 
according to AVahlcnberg, exudes from, the leaves of llcch/sarum Alhagi, 
of various oriental oaks, Ficus hengalensis, PJmdx dactijllfera^ Acer plan- 
tmdides ; in the manna which exudes from the young twigs of (luexciis 
hengalensis, from the trunk and boughs of Ccratonia Siliqua^ and from 
Ihraclcwn sibiriciim and various species of Garex when dried. — For tbe 
composition of the manna of Sinai and that of Kurdistan, seepage 241. 

The following plants and parts of plants contain rnannito i*cady 
formed: the roots of AcomlnmNapelhis (T. &1L Smith, Pharm. J. Trans. 
10, 124; Lieh. Kopp. Jahresher. 1850, 535), of cekivy, from 

(Ilulincr, N'. Tr. 4, 1, 308 ; Ihtyen, Ann. Chim. Phgs. 55, 219); of 
Afenni athtaMantknni (Reiusch, Jakrh. pr. Pharm. 1-1, 3H9) ; of OUnanthe 
crocata (IJa}ulhiak^\J\\. Phjjtochent^ 46); of JhJjipodium vulgare (Desfosses, 
ihij 92); of ScormieraJiisp((Jiku {Wittiu F. Pr. Arch. 105,286); the 
root-bark of Tunica Granatum [constitui.iiig Ijatour’s Granatin. (J, 
Pharm. 17, 513 and 601)]. (Mitouard, lh)utron-Cbarlard&Guill(,jmetto, 
J. Pharm. 21, 160; Ann. Pharm. 14, 221); tlie roots of Trltmm repem. 
(Vdlckor.) The mannitc existing in the extract of the last-named root was distin- 
guished by Pfair (Afat. mod. 6, 110) as grass.root sugar {(hmimrzeizHcker) ; it is 
perhaps not always present, wherefore Stenhouse {Ann. Fkarm. 51, 354) did not find 
ary ; sometimes howev(‘.r it exists in considerable quantities, (Volcker, Ann. Pharm. 
51), 380.) — The bark of CaneUaalhn (Ilamlhuch^ viii. Phytockem. 27) con- 
tains about 8 p. c, of mannitc (W. Mayor & Rcicho, Am. Pharm. 47, 234), 
not, as BUf)poBcd by Petroz k Robinct (/. Pharm. 8, 198), a peculiar kind 
of sugar; that of Fraxinm excelsior containw mannitc [Keller’s Fraxinm 
(EiipertAA, 438)]. (Roclileder <& Schwarz, A //#. Pharm, 87, 198; Hbm- 
liouso, A wn Pharm, 91, 255.)“— The leaves (RouwHin, J. Chim. ru'd. 27y 
754) and young twigs of Pyringa vulgaris contain manniR^ [which, mixiul 
with Lilaxnny coimtitutcs lleruays’ Pyringin (Jkpert, 24, 348)], (Ludwig, 
F,Pr. Arch. 91, 289); also the leaves of JJgustrniih vulgirre {Vohx ; 
Krornaycr, N. Pr. Arch. 101,281), c(d(u'y-](‘.avcH (Vogd), tlie foliage of 
Cocos nudfera (Bizio, J'. Pharm. 19, 455); the fruit of Luurus Pmm 
(A-Vcquin, A/m, Pharm. 32, 313 ; M.elsena, Ann. Ghinu Phys. 72, 109), of 
Cactus opmtia (J)e Luca, CimentOy 3, 407). — (loffee-bcans contain ma,n* 
nite, according to Ddbcreincr (N. Pr. Arch. 43, 27). 4h‘gf)t of one y(‘ar 
contained mannitc, that of another year mycosc*. (p. 301). (Mitscherlich.) 
— Many//iw< 7 f contain mannite (see [). 301 ; also Ilaudbuoh, viii. Phytochefn, 
97 ), — On algm (JIandbuchy ym. Phytochemy 93) there is often found an 
einorcsoenoe of mannitc (Vauquelin, Gaultier de Oiaubry), which, 
according to Stenhouse (A«w. Pharm. 51, 849) may also bo obtained 
from the dry alg® ; according to Fhipson (Compt. rend. 43, 1056; 
Ghem, Centr. 1857, 77), mannitc docs not exist in fi'esh algm, but is 
formed, according to Mm and to Soubeiran (S, /. Pharm. 31, 219), 
from vegetable mucilage by fermentation. 
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Cmelin is also inclined to regard as mannite, Huneteld’s Primuliu (./♦ pr. OhoM, 
7, 58 ; N. Br. AtgL 8, 249) obtained from the roots of Primula verL^* 

Formation. Under the iiiMuenco f)f the ]KHnilia.r haiiKMit whi(;!i 
excites mucous forme ntation, caiio-suii^'sir ({iiul ih(U‘(U)r(^ lu) doubt also 
dextro- and Imvo-ghicoso) splits up into mauiuto, caiixMiic arid, and 
gum. (Pasteur, JJulL Soc. Chitn. Farm^ 18()1, 50; S(Mi [>. :280). ^ ^ 

Mannitc can bo obtained after fermeutation Irom V(‘g(dal)l(^ juices 
which previously did not contain any. (Poureroy & Va,U(pielin ; Jhilouzi^, 
Ann. CMm. Fh/js. 47, 411.) No nuumite is fornuMl wlum tlie sugar of 
carrot-juice ferments by itself, but when the [)ectiu-substa,nc(5s are lelt 
in it, tile juice gets thick, like white of egg, and produces mauiiitc. 
(Vaiiquolin.) The presence of mauuiic after fmanentatiou has IxHm 
observed in the juice of onions (Fourcroy & Va^Kpudin, Ajm. CJiini. 
65, 166; N. (7e//Z. 5, 357) ; in man gold- wnrzel juice (Mracunnot, Urn/.. 
CMm. 85, 95; Jules Gay-Lussac & 'Pelouze, socxblJH); iii extract of 
jalap-root (ITerberger, Jahrb. pr. Flufrm. 4, 8); in the juice of tlui 
tubers of Ilelianthm (Jhucoimot) ; of Of/elamen enroptrum (Do 

Luca, Compt. rand. 47, 296) ; in the a(iiieous extract of tlu^ roots of 
Taraxacimi officinale (Frickhingei*, Jiepert. 73, 55; T. & IL. Smith, 
X Chirn. ined. 26, 135) ; further, in lactous fermentation (Poutron & 
Premy, see xi, 473 ; Bensch, Au?i. Fharm. 61, 174) ; in tiio preparation 
of lactic acid by Bensch’s, process (xi, 475), if the fcjrmontation has 
gone on between 0° and 20® (Strecker, A7tn. Fharm. 92, 80); in tbo 
fermentation of honey (Guibonrt, Aim. CMm. Fkijs. 16, 371). 

Mannite exists in cider after the vinous fermeutation has had its 
regular course ; it is perhaps present, roady-fonned, in the apples. 
(Berthelot.) 

The sugar which results from, the decomposition of Idnovin by 
alcoholic hydrocMoric acid is identical with, or allied to, niannitan. 
(Tllasiwetz.— See page 345.) — According to Fremy (/. Chmi,. 8, 
197), mannite is produced by boiling starch with acids, and may bo 
extracted by alcohol from the doxtro-glncose. 

From inverse-sugar, by the action of sodium-amalgam on its 
neutral aqueous solution : 

Ciq-112013 + 113 « (Liuumiuum.) 

Sugar. Marmitc. 

Prepa7'ation.^ Frofn Manma. 1, Manna is dissolved in 3 ])tH, wahu*, the 
solution precipitated with basic acetate of lead; the lead removed fi’om 
the filtrate by hydrosulphnric acid; the solution evaporated to a syrup 
after separation of the sulphide of lead, and ilic syrup pourcid into 
hot alcohol: mannite then crystallises out on cooling', (Boiisall, 
JF.Fr. Arch. 84, 70.)*— 2. Fermenting yeast is added to the aqueous 
solution of manna, in order to destroy the sugar contained in it ; and tlie 
liquid is decolorised with animal charcoal when the fernwmtation is 
complete, and then evaporated to the crystallising point, the crystals 
being purified by recry stallisation from boiling alcohol of 82* p. oe 
(Leuchtweiss.) 3. ^Manna is dissolved in half its wciglit of rain- 
water; the solution is clarified with white of egg, and strained boiling 
hot through a woollen bag ; the ciystallinc mass obtained on cooling 
IS stirred up to a pulp, drained and pressed ; and tlio liquid tliat runs 
away is, concentrated and treated in the same way. The cake of 
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maaaite so obtained is purified by boinj^ stirred up witli water to a thick 
pulp, the liquid is allowed to drain away, and what is left is pressed 
out ; the remaining' maiinite is dissolved in (] or 7 pts. of hot water, and 
the solution treated with annual cliarcoal, filtered hot, (ivaiporatcMl, and 
left to crystallise (RuKspiui, Atm, Pharni, (Jo, 203 ; Lieh. Kopp, Jalu-esher. 
1847 and 1848, 703). — 4. Manna is boiled with aqueous alcohol, the 
solution is filtered hot, and the crystals whicli separate are purified 
by crystallisation from water or alcohol (Proust.) Tiie inaiiiia con- 
tained in fermented liquids is obtained by exhausting the extract with 
alcohol, after previously removing, when necessary, the substances 
precipitable by basic acetate of lead. 

Properties, Long prisms or needles, more rarely short prisms be- 
longing to the rhombic or right prismatic system, sometimes grouped 
together in bunches, united into sheaves, or arranged in sta,rs. Com- 
monly a rhombic prism // (idsy. 53), whose acute lateral edges are 
truncated perpendiculaiiy by the summits being bevelled by u-, ora 
rhombic prism ?/, whoso acute edges are perpendicularly truncated by 

and obtuse edges by p ; between // and n a secontl ]}rism y/', and 
besides the bevelling face vq a second liorizontal prism P between 
u and m, u : td (above) = 125'^ 3' (obsiu-ved) ; u' : v! (over vn) =: 
54® 57' (calculated); m : t/ = 117® 28''r) (calc.), = 117^ 2(;'-5 (elm.); 
y : y (over in) = 50® 31' (obs.) ; // : y (over -p) = !,21)® 2b'( eah‘.) ; m : y 
= 115® 15'-5 (calc.), = 115® 18' (obs!) ; y : y = 151" 4 l'-5 (cule.) ; m : )/, 
= 104® 30' (calc.) ; u : u (above) = 150® 4,8' (obs.); n : u! = 1(»7® 8''5 
(obs,); p : y = 13(J® 40'‘5 (obs.); ni : y = L'h'J'’' 10''5 (obs.) ; y : y' 
(over m) = 80® 30' (obs.).— Different v<.n’iical iwisms occur in other 
crystals, whereon Schabus ol)s<u‘ved tlie following angles m ; if = 
103® 10'; p : ?/" = 130° 45'; m : = 1G3® 4'; p : if = 173® 20’. 

The surface of the aciculai* crystals smooth ami even ; the vertical 
faces of the })rismatic crystals, with the exception of y/, wq and yq ver- 
tically striattHl. Obmvage very perfect parallel to'^^q less perfect }}arallel 
to /), jxnpendicvilar to these directions very slight, hh'atjture concholdal. 
Lustre vitreous on u and pearly on m ; the vertical })rismB have a 
pearly vitreous lustre. Transparent, semi-transparemt, colourless to 
white. Streak white. Hardness = 2*5. (Schahus, KrystdlycsL Wien, 
1855, 87.) 

Melts at 160® (Pav,re), 104® to 105’' (T)e Luen), 105® (Ihnihelot), 
between 105® and 100® (Liimemaun), and Bolidifi(uM(at 102” : Pavre) when 
cooled below 140®, to a crystalline maus. Volaiilisi^s slowly wlnni ktipt 
nudted, and sublimes without alteration; (mbu’s into ebullition at about 
200®, part subliming or distilling over with the waLo', and part being 
converted into mannitan, most of it, however, remaining uncluingfuL 
Small quantities can bo volatilised almost compkd^ely on platinum foil 
Does not diminish in weight when heated for a long time to 120®. 
(Bertliolot.) Tastes slightly at, id agreeably sweet. Acts as a purgative. 
(Vogel) Becomes Imninous by friction. (fJJonastre, J, Pharm, 10, 032.) 
Neutral — Has no rotatory power. (Biot, wai. 10, 49 ; Ventzko). 
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Saussure, Oppermann. (Pog(f^ 23, 443), and many others, have also analysed man- 
nite. Liebig {Ann. Pharm. 9, 23) calculated the true formula from Oppermann's 
analyses, and it was definitely established by Strecker's analyses of nitro -mannite. 
Earlier formulae : (Pnmst), CnPO'* (Saussurc), (ICiiop Selmcder- 

tnann). Instead of the above formula, some chemists adopt hall its value C‘’i h ()*'. ’ 

Decompositionf,. 1. See above. When Inuticd, iiuuiiufi' (loiss not swcsll 
up below 250'' ; it afterwardR decoin pos(‘,s, and in cuinbwd; 

witli the air wit]), haiuc and a siiK^ll of cjii'ainel, aiid loavoR a. dcliiaito, 
soft, and lustreless charcoal. — On dry distillation, iicvolv(?s a smell ol 
acrolein. (Redtenbacher, Ann. PJnvnn. 47, 14(S.) — 2. .Manna, which, 
when fresh and pure is unfenuciitable, becomes wlnm k(!pt, translucent, 
sticky, and deliquescent in the air, and is then fevincntable. (Idicnnite, 
CoonpL rend. 34, 114.) Bcrthclot {N. Ann. Chun. Pluis. 50, 333) also 
found in manna 10 to 15 p. c. sugar, wliicli did not iucrease in quantity 
by keeping in a moist, dark place. 

3. A mixture of mann'te and pIatuuuii-sp()?i(/(\ in contact with a/r 
between 30° and 40°, soon aciiuires an acid reaidion, (jvolves carbonic 
and formic acids, and co.itains nnnnitio acid, mannitose (p. 330), and a 
product allied to mannitaii. (Oorup-Ik^sanez.) At; higher itimpmutun^s 
coloured decomposition-] irodiiots of mannitic acid, and |)erliaps also 
saccharic acid, are produced; if the mixture gets dry, it may i)et‘umc 
red-hot. When a concoiitratcd aqu(u)ua solution of mannite is droppml 
on platinuni-Bpouge, beat is evolved, and wlut(‘, clouds formed, while an 
odour of of caramel becomes perceptible and volatile acids are produced. 
(Gorup-Besanez.) The products first formed are completely decom- 
posed into carbonic acid and water by the further action of oxyg’(.m. 
(Dobereiner, Chem. 28, 498; 29,452. — See also Backhaus, A. Jl'pert. 
9, 28L) 

4. Nitric acid converts mannite into saccharic and oxalic aends, 
without producing mucic acid (Schecle, Fourcroy & Vau(]uelin, Buch- 
holz). Mannite dissolves in nitric acid without coloration or evolu- 
tion of gas; and when the solution is wanned until re(l(]ish“y(5]law 
vapours are given off, a tumultuous evolution of gas sets in, evim after 
removal of the fire, and continues for about balf-an-boiu'; after it has 
ceased, the liquid contains neither maimite nor Hn,cH!iiari(‘, acid, hut sui 
acid which forms, with bases, salts similar to, or idcuiiicuJ with, those 
of rnanuitic acid. A hnmeutablc sugar, |,)rohahly mamdiosi^ (p. 339), 
is formed at the same tunc (Gorup-Besanez). Wluui mannite is heatiul 
with iiirric acid, according to Liebig’s metliod (see Milk->,ugnr, p, 220), 
racemic acid is formed, but in smaller quantity than wlieu diilehe is 
similarly treated, and is not accom])ani(id by a traut.^ of tarta,ri<; or 
antitartaric acid (x. 365), but by a very simill (fuantity of lui <a,eid 
agreeing in its properties with mucic acidfCarhst, (Jompt.'rmlh'A 313 . 
—See also Pulcite) Proust and Thenard (A. Gehl 2, 217) beli.ivcjd they had obtuiued 
mucic acid from mannite, the latter to the e.T:tent of about 50 p.c. According to Ikudc- 
haus (A. Repert. 9, 289), who could not obtain any tartaric acid from 1 pound of 
mannite, the mucic acid proceeds from the gum ol the manna, which, when the mannite 
is incompletely purified, adheres obstinately to it. 

5. Mannite distilled with peroxide of manganese and dilute sulphuric 
acid, evolves carbonic acid, while acroleYn and formic acid f>ass oym in 
the distillate (Backhaus, Reperu 9, 289),— 6. Mannite takes lire when 

triteatpd with 6 ,pta. peroxide of lead (Biittgcr). Heated with per- 
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oxide of lead and water, it yields formic acid, gum, and an ac(dyl-like 
substance (Dobei’eincr, J. pr. Chem, 28, d-98); only a little carbonic 
acid is evolved, but on addition of snlpbnric acid, formic, acid distils 
over (Lcucbtweiss). When n.aimite is mixed with bklirfruKiie oj 
pot<(sh and ^mlphuric acid^ carbonic acid and aqmjoas formic acid art^ g*iven 
off (Leuclitweiss). 

7. Distilled witli excess of concentrated Iif/driodic naV? (b. p. 125°), 
in a stream of carbonic acid, it yields iodide of Iiexyl 

Qi 2 j,piQi 2 ^ iiJii ^ Qujiizi ^ 121-10 + P (<J6gnn.maiin:tegaTe83grm. 
iodide of hexyl.) (Erleiiincyer & Waiildyii). 

8. On beating* a mixture of equal atoms of manuite and Vmlodide oJ 

plmplmras to a little above the melting ])oiut of the latter, great beat 
is disengaged, so that, even with small quantities, incandescence may 
take place, and vapours of iodine and of hydriodic acid are evolved, while 
an a(pieous and oily distillate passes over, and charcoal remains. If 
broken glass is added to the mixture in order to moderate the action, 
a, lid it is heated by small (piautities at a time nniil the reaction com- 
mences, tlio product being then covered with water and distilled, there 
passes over with the aqueous vapour a heavy oil, coloured by fnai 
iodine, and possessing a burning, swanst tasU^ and aromatic, smi'll. 
After rimioval of the fre(5 iodine and waUa*, this oil bc'gins to boll jit 
a eomjiaratively low temperature: the boiling point, howevan*, soon 
rises, ami the oil passes over in jiartablTilA iodine lufmg lib(n*a,ii^<l, and 
contains, on an avtmagi^, 8D74 p. c. C., ()*.I4 II., and 51)*12 L, cor- 
ix^sponding neiirly to a mixture of iodides [lodklc of hexyl, 

(sec dee-oniposition 7) corituius 33*96 C., 6*13 IL and 5&'01 L (W.)] Ilcatcd 
to ll)b° willi oxi(l(‘. of silver, it is converted, in a few liours, into a non- 
iodised oil of variable boiling-point (ihe part which distils between 75® and 
130®, contains 62*8 p. c. C., 10*7 H., and 26*5 0,; that which distils between 150“ 
and 200“, contains 74*66 p. c. C„^13*U IL, and 12*20 0,—), wliidi yields, with 
oil of vitriol, a conjugated acid, and acid products by oxidation ( IhiDlerow, 
Chmi, CeMr* 1857, 89B). Hence Ihittlerow thinks it iirobable that (Com- 
pounds of the fonmihe and are mix(,Hl with line iodised 

oil, and rtegards tlie oil freed from iodine as a mixtuixc of (dhers (con- 
taining oxygen in plac-e of the iodime. More nHcontly lie deteccbnl 
iodide of nieihylene, among the (constituents of the iodised oil, 

inasmuch as dioxynucthyhme, (]'‘iIH> (which is pr(Hhi(C(sl by (Iks a,(cl;Ion 
of iodide of mctliyhme on oxalate of silv(u'') (Kccurs Jimong tine firoducts 
of the acetiou of oxalabc of silv{cr iqum it (Ihittlerow, Ann, Fharm, 
111, 247). — 9. Onlucating mannibc with hrowmemnl water hi a seakul 
tube, hyilodinimic acid is prodiuced, causing the liipiid to heccomo dark- 
brown soon after tlie disapp(,cavamic of the bromine, and humous sub- 
stanc(js to be formed (Barth Illasiwctz, -d/aa. FhimiL 122, I'll). 

10. M-annite, heated For several hours to 150° with syrupy aqueous 
phosphoric (toid, yields a small quantity of manui-phoB]:)lioric acid, the 
'lime-salt of which, may bo obtained as a jelly by dissolving the product 
in water, neutralising with chalk, and precipitating* tlie filtrate 
with alcohol (Berth clot.) — 11- By dissolving inannitc in oil of vitriol, 
xnanni-bisulphurio acid and manni-tersulphoiic acid are produced. (See 
below.) The solution does hot blacken everewhen heated to 100°.--* 
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12, Mannite dissolves, without evolution of gas, in fuming nriric acid; 
oil of vitriol throws down from the solution nitromaimite (l)oin()nt(3 & 
Menard, Strecker). — 13. Mannite scarcely absorbs Ifjfdmddoric acid 
gas even at 100°, but when long heated ’to 100° with, iuniing aijueous 
hydrocliloric acid, in a sealed tnb(i, it yields clilodiydro-inatiniian, 
and, by several days’ boiling, inannitaii (lhn*th(0ot). —• 11. Moist 
arsenic 'add colours mannite brick-red in a few tkiys (Elsian*, i^chw, 
60, 348). 

Mannite combines with mono-, bi-, and tor-basic sicids, with elimi- 
nation of water, foiTning the viamitmiides, a class of couipoumls corre- 
sponding to the mono -saccharides (p. 310), in which the fvroperties of 
the acid and of mannite are concealed, but which arc ca|)abic()f iiiahn'- 
going’ decomposition by taking up again part of tlic eliminated water, 
so as to yield the original acid and mannitau (Jhadhelot). 

The mannitanides aixi obtained from the acids and iiuiimitc', some- 
times by merely bringing them together at common t(Mni)eratur(vs 
or at 100°, but more commonly by heating tliem for a long time to 
200° or 250° ; never more than part of the acid and of tlui mannite 
enters into combination, the greater portion of both remaining uncom- 
biiied. — The maimitanides resemble the natural fats, and a,r(} deconi- 
posible by water at 240°, or by alkalis at 100°, for the most part, 
however, only with difficulty and by long-contiimod action. In all 
such cases it is mannitau that separates out, except that, by furihtn* 
fixation of water, a portion of it is converted into mariiiitc. In tins 
respect, and so far as regards the quantity of water separated in the 
formation of the inannitariides, it is mannitau (and not mannite) tliat is 
an analogue of alcohol (Berthelot). 

A. Mannite and monobasic acids furnish, three distinct classes of 
compounds. 

a. Formed by the combination of 1 at. mannitan with 2 at. acid 
and elimination of 4 at. water. 

Ci2Hi'.Oio -S ‘iCWO-t = H' 4HO. 

Mannitan. Butyric acid. Bibutyro- 
mannitan, 

Berthelot also reckons chlorhydro-rnarmitan as belonging to this 
class : 

onipsoio + 2HCi « + 4110. 

L From 1 at. mannitau and 4 at. acid, with elimination of 4 or 8 
at. water; 

C12H12O10 + 4C«H80^ ^ + 8110. 

Quadributyro- 

manuitau. 

C12H120W + 4C36H3604 = + 4HO. 

Stearic acid. Bistearo-mannitan, , 

c. Prom 1 at. mannitair and C at. acid, with elimination of C at. 
water. 

CI2U12O10 + C228H210O22 + 12110. 

Teristearo - m annitan . 

produced by heating manuito with Mdasic ucids 
are formed, according to Berthelot,— 
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a. From 1 at. maimitan and 1 at. acid, with climiuatiou of 4 at. 
water. 

Bcrtbclot classes here kinoviii (p. 345), from wliosci fonnnla he 
dcdiKsts 2 at. water g'iveii off between LG0° and 1^0°. A^aii lieumuden’s 
suociiio-inaniiitau belongs to this class : 

+ cur’O'-^ =■- + tiiG, 

Maiuutau. Succinic Suocino- 

ucid, maimitan. 

5. From 1 at. maimitan and 2 at. acid, with cliuiiiiation of 4 at. 
water : 


+ 2S-H-08 = Ci‘dF-Oi^S‘^0^- + 4EO. 

2 at. sulphuric Mannibisulphuric 
acid. acid. 

c. From 1 at. maimitan and 3 at. acid, with elimination of 4 at. 
water ; 

3S“H-0« = + 4110. 

3 at. sulphuric Maimitersulphuric 

acid. acid. 

(I. From 1 at. maimitan and G at. aeid, with elimination of 12 at. 
water : 


+ 6C«U«0i- «» C<!»11''«0 -f 12110. 

TurUuic acid. ManuUnrLuric; 

acid, 

0. By lieating maniiite with iha terbeme add^ citric acid, citro- and 
bicitro-inaimlta.n a,r(.^ formed, 

a. From X at. uuumitan and X at. acid, with elimination of G at. 
water : 


-t (5 HO. 

MunuiUn. Citric acid. Citro-maunitau. 

b. From 1 at. maiinitau and 2 at. acid, with elimination of 8 at* 
water : 

+ 2Cy^U«0i-i « O'J'Ur-JHXS'i BllO, 

Bicitro-iuunihtan. 

Proco.odini,M)u the asnumptiou that, in the lonnation of the true bicitro-manuitan, 
4 at. more water must be cUmiuutwb Van Ikumuchu wgardw the last coaipmmd as 
btXoogiiig to a distinct clusa. In this cukc, however, bintfuroonamiitan and various 
other bodies would have to be excluded IVoni the (slasH of tuauuitauidt'H. [Kr.}-* 
Jkrthelot’a nomenclature is fouuded on the assuinptiou that the atom of maimitan is 
half as great us that hero adopted, viz. ssa C'X'FO®. IHs mtmnik -mono but yrU£m is 
accordingly the same as the hibutyro-manuitau of this Handbook, etc. 

In the following caseB, npccial phcuoinona accompany the heating 
of manuitc witli organic aoid«* 

a. On heating rnaunite with ex cobs of -vxdm add to 110°, tlie acid 
IB decompoBcd into carbonic and formic acids, and an iiiBtablc com- 
jjound of formic acid and manuitc Ih produced. (Knop.— See below.) At 
lirst, and before the docoinpoBition of the oxalic acid takes place, 
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mannit-oxalio acid is formed, tlie lime-salt of which is ohtaiucd by 
neutralising the melted mass with carbonate of lime and precipitating 
the aqueous solution with alcohol. On heating more strongly, formic 
and carbonic acids escape, while a mixture of maimit-oxsdic; acid, man- 
ihtan and humous substances remain. (Van Bemmclen.) 

/3. Equal atoms of maunitc and succinic nezVi heated to 140^ till tbe 
melted mass, on cooling, no lojigcr becomes crystalline, but forms a thick 
syrup, yield a residue which is still soluble in water, and givtis, on 
addition of oxide of load (succinate of lead separating at the same time), 
soluble manni- succinate of lead,' — an easily dccomposiblo compound, 
which is precipitated by alcohol and contains varying quantities of 
lead-oxide, the proportion sometimes corresponding to the formula 
This manni- succinic acid difftjrs from succino- 
mannite (see below) only by the quantity of water contained in it, and 
when more strongly heated is converted hito that compound. — 
AVlicn a mixture of 1 at. maimito with 2 at. or more succinic athl is 
heated, a large quantity of succinic acid sublimes betwc'cu 1 BO® and 
150°, then a large quantity of water is given off, and a Inird dry 
mass is formed, from which succinic acid again sublimes at 100'' — -ITO". 
The black residue imparts an acid reaction to wat( 3 r, only a/ftiU' stand- 
ing for some time. It contains more carbon and hydrogen than cor- 
responds to succino-maunitan, hence Van Bcmmclen regards it as a 
mixture of this compound with bisuccino-maimitan. (Van ikmimden.) 

ty. A mixture of mannite and citric acid in atomic proportions molts 
together at 100°, water of crystallisation being gi\’'cn otf. At 130° — 
140° water is again given off, and the mass, which at first is perfectly 
fluid, becomes pasty without evolution of gas or coloration, and at last 
hard, dry and tasteless, and is found to he converted into citro-man- 
iiitan. At 170° — 180° it becomes brown and an oil distils over, ' In 
this case also, according to Van Bcmmclen, a compound corresponding 
to manni-succinic acid is formed. — From a mixture of 1 at. mannite 
and 2 at. citric acid, there is formed at 140°, a neutral, bright yellow 
substance, the bicitro-mannitan of this Handbook; at 160° — 170° it is 
decomposed and yields, without previously parting with more water, 
the decomposition-products of citric acid. (Van Ikmimclcu.) 

16, Heated in a scaled tube with aqueous amvicmm^ maTinii(» forniB 
a brown, nitrogenous product, corresponding to that furnislK^d by 
cane-sugar (p. 260), which smells like horn when heatcul (Ik I'heimrd, 
Bull. Soc. Ohm. Paris, 1861, 42.) — 17. Mannite melted with poUtsh^ 
hydrate yields the same product as cane-sugar (p. 260). ((h)(,ili(^h. 
Ann. Plumn. 52, 122.) If mannite is thrown into potaslii-hydrate 
melted at so low a temperature that only a small quantity of hydrogxm 
is given off, a bulky froth is produced, which docs not at onc(3 solidify 
and contains but little oxalic acid. (Jjouchtweiss.) — 18. By distilling 
mannite with lime, much hydrogen is evolved, atid mctacetonc (ix. 409) 
and empyreumatic products are obtained. (Favre.) — 19. Mamiibi easily 
reduces oxide of silver. (Favre.) According to l{iog( 3 l, it nidcuses 
aqueous mercury-, silver-, and gold-salts, ^20. A(1ucoub red prussiate of 
potash mixed with ^ pt. hydrate of potash acts but slightly ami slowly 
on mannite at 70°, but after the mannite has been boiled with acids, it 
decolorises variable quantities of the mixture. (Gcntcle, Dinql 158, 
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Mannite is not altered by ebullition with dilute acids, aqueous alkalis, 
or potassio-cu 2 )ric tartate. 

21. Manuitie is not formoitod by contact with yeast (rdoim and 
otliers). It is decomposed ])y lactous ferment (p. 27{))i in [)resoncc of 
chalk, with, cvohiilon of carbonic acid and water, and formation of 
alcohol, lactic acid and butyric acid (Pasteur, iV. Aii?i. CMiii. iV///,?. 52, 
40-1). Animal incmbrancs produce lactic aci<l from mannite (Premy, 
Co'itqH, rend. 0, 165). Fremy is also of opinion tlmt, in the lactons fermentation 
of sugar, this substance is first converted into mannite and then into lactic acid. — 
When a mixture of mannite with chalk and cheese (gelatin, pancreatic 
tissue, albumin, or other nitrogenous constituents of the animal l)ody) 
is loft to itself for some weeks at a tcm|.)erarure of 40°, the nitrogenous 
siihstance and the mannite are decompostul simultaneously, and with 
elimination of carbonic acid, nitrogen, hydrogen, alcohol, lactic acid, 
butyric acid, and acetic acid (Berthclot). This decomposition is inde- 
pendent of access of air, and is not accompanied by the ap|)caranco of 
yeast-cells. The quantity of alcohol obtained amounts to between 13 
and 33 p. c. of the decomposed mannite, hut no glycerin, fat, or sugar 
is formed at any stage of the d{'.com])osii,ion. Acetic and butyric 
acids make their app(iarance as decomposifcion-producis of lactic acid. 
In pnisonce of carbonate of lirm', the .nMiction, !)(Ha)mos irr<igular, and 
a peculiar sugar (p. 310) is foriued, especially umhn* the inllucnce of 
testicular tissue. (Perth elot, lY. Ann. Ohm. 50, 331), 

CemUnations. A. With Wnier. — Mannite ex[)ose(l to air saturated 
with moisture takes up only 2 pen* cent, of watc^r. It (lissolvoH in 6*4 
pts. water at 18”, in 6* 14 pts. at 20” (Bertlielot), in 5 to G*6 pts. at 
1 6 — 2(P (Do Luca,) in 4. i)ts. at- 12” (Kircher), in 5 pts. of cold, and in 
any cpiautity of hot water (Vogel). Sometimes on sinking up the maniute 
with water, u larger epumUty dissolves, amounting to f of the water ; but the solution 
on standing deposits such a quantity of inannite that the above proportion is attained 
(Bcrtbelot). When 87*6 grrn. mannite are dissolved in 348 grm. water at 16*5® (that is 
in 4 pts.) the temperature falls to 13'5” (Fold, /. ji;r. Chem. 82, 155), 

B. With Bases. — Ihdamum-coinpaifnd. — When 1 })t. mannite and 
1 pt, potuHh-hydratc arc dissolved in 6 pts.Jwarnuilcohol of 85 p. o, the 
liquid on cooling soparab^s into two layers, the lowtmof which must he 
■washed with hot aihsolntei alcohol and dn(.(d at lOO'h White, easily 
friable, strongly alkalints stilim^ mass, which contniim 25 p. e. |)ota,sh, 
ro{|uireH a higher temp(a*ature to de,(‘empos(^ it timn sucraie of [)obiHh, 
and deposits ma, unite when its alkaliiu^ sohiiion is (vxposed to the 
air. It is insoluhhs in ahBoIiiio alcohol, Init tlissolvi^s easily in aqueous 
alcoiiol (Brondeckc). 

BodMim.'^oompound. — ()htaiu<id like the potassium-eompoiUHl, whicli 
it also rcsombleB. Contains 21*6 [). c. soda (Brenilecke). 

Mannite unites with chloride of sodium^ forming colourless crystals cotitaining 24*2 
p, c. NaCl (Eiegel, Jakrh. pr, Pharm. 4, 8j Pham. Centr. 1841,693). Neither 
Leuchtweiss nor Knop & Bchnedermann were able to obtain this compound | EiegeFs 
other statements likewise show that his mannite contained glucose. (Kr.) 

Barmn-mnpi)und.^Yd\im the solution obtained by^ triturating 
together equal pts. of baryta- crystals, water and mannite, is mixed 
with absolute alcohol, a resinous precipitate is formed, which, after 
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washing with hot alcohol, contains 23*2 p. c. haryta. It has a strf)np;'ly 
alkaline taste. When it is heated in a stream of carhonic acfid, man- 
nitc separates out. It dissolves in water and in a(|neous alcohol Imt 
notin absolute alcohol (Brendcmke). — -.When matniih^ is mixed with an 
equivalent quantity of baryta-crystals and 3 or 4 pts. waUn*, th<‘ mix- 
ture left to stand for two days and occasionally shakem, and the 
filtrate precipitated with alcohol, the flocks which fall down unite', to a, 
thick syrnp, which may bo |)nriliedby repeated solntiou in water and prc'." 
cipitation with alcohol. On heatinp^ this syrup in the watcr-hath, 
there remains a translucent, xmry tenacious and glutinous mass, which 
increases to 4- or 5’ times hs original volume when heated to 100°, and 
on cooling forms a d{diquescent, tumefied, translucent glass. The 
aqueous solution whcnlc'ft to itself dc'posits crystals of baryta, solidi- 
fies, wlien heated, to a compact mass lik(^ coagulated wliile of egg, and 
becomes only partially clear on cooling (Ubaldini). 

After dryiiif? over oil of vitriol, it contains ir)'4 p. n. water, which esenpes at 1{]0° ; 
in the anhydrous stale, it contains from 37’() to h7‘0 p- c. baryta, and from to 
(52*7 p. c. manihte, corresponding to the formula (l*'H“()b2ll}iO. So fuwording to 
Ubaldini ; but his formula just quoted requires (>2'7H p. e. HuO and IU'27 p. e, 
mannite, whereas his analytical data (perhaps afleeted witli ijross-e.rrors) give .XT'OH and 
17’95 p. c. BaO, 47*00 'and 61*93 mannite. The, true formula of the compound 
appears to be 2C^‘qi^*^0^“,3Ba0+ 12110 (calc. 38*79 p. c. BaO, 01*21 numnite, 15*43 
water). Kr. 

Strontimn-compoimd, — Aqueous mannite dissolves strontia, the 
quantity dissolved at the boiling heat being about one-fonrth of the 
w^eight of the mannite. (Hicgel.) The strontia-salt ia ohtaiiUMl liktj 
the baryta-compound, whitdi it resembles. The aqueous solntion 
becomes hut slightly turbid on boiling. The compound dritul at 100” 
gives off from 22 to 24 p. c. water at 120°, and then contains from 
20T to 21*0 p. c. strontia, and 801) to 78*5 p. c. mannite, corresponding 
to the formula Sr0,CP-11^^0^* (calc. 22*15 p. c. SrO and 77*85 mannite) ; in tllO 
hydrated state, with 8 at. water (calc. 23*54 p. c.). (Ubaldini.) 

Ocdcmm.‘-compo'in)(L — Aqueous mannite dissolves hydrate of lime, 
with evolution of heat. ( Bnmdc'cke.) If tlio solution contains in 
100 c. c. 1*G gr. mannite or l<‘ss, it hilo's up c,onstanily 3*7 p(s, linu) to 
100 pts, manniti^ (afttu* deducting tlui linu^ wliitOi thti water iiH(4f 
would (lisBolve); but mon^ (‘.oncmitralod solutions tu.ke up a, birger 
quantity, tbose (*ontaining 2*4- gnus., 4*8 gnus. a.nd 0*0 gnus, mannite 
in 100 c. c. taking up respectively 4*5, 4*7 and 0*27 pts. lime to 100 pts. 
mannite (Berthelot, Nl Ami. (Jkm. Jdi'^,^.ii>, 177). Tlu^ solntion has an 
alkaline taste and reaction, becomes turbid wlam boated and (‘lean 
again on cooling (Brendeckc). The concentrated solution solidifies 
when heated to 85°, and conq)loteIy at 90”, forming a compact mass 
containing 50 p. c. lime, therefore perhaps the soxbasic comjtouiKl 
C’TPU^^GCaO, and becomes quite clear again when cooled to 50°. 
When excluded from the air, it deposits a precipitate, aud in contact with the air, 
yields shining crystals, probably consisting of penta-hydrated carbonate of lime. On 
j ddition of hydrochlorate of strontia or magnesia, it yields precipitates, which, after 
washing, are free from mannite (Ubaldini). 

a. mixtoc of 200 pts. mannite and 66 pts, 

hydrate of lime is covered with GOO pts. of water, and left to stand foi 
two days with frequent agitation, and the filtrate ia precipitated with 
alcohol. The white flocks unite into a resinous mass, which is purified 
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by repeated solution and precipitation out of contact of air. Dried 
over oil of vitriol between 100° and 120°, it gives off 14 p. c. water 
(4 at. = 13-13 p.c.j, and at 100°, it turns yellow, without furtlicr loss. 
It is decomposed by carbonic acid, without scparai.ion of mannitan. 
After drying at 120° it contains, on the average, 23*45 p. c. lime and 
76-G5 p. C. mannitc (calc. 23-53 p. c. CaO, 76-47 p* c. mannite). (Ubaldiui.) 

b. 3fonohas'ic compound. — C^^IP^O^^jCaO. Bimannitate of Lime. — When 
a solution of the bibasic compound is loft to evaporate, crystals of 
mannitc first separate out containing 5*3 p. c. lime; and the mother- 
liquor, on standing, deposits a crystallino salt, which, after drying at 
120"^, contains on the average 13*22 p. c. CaO and 80*15 p. a mannitc, 
answering to the formula’ CaO (calc. 13-33 p. c. CaO, 86*67 

mannite). (llbaldilli.) 

iVqueous mannite dissolves magnma and a small quantity of moist 
hjdrate ofahuninn (Riegel). — A solution of mannitc heated wdth potash- 
ley behaves with riitrafe of cobalt like cane-sugar (p. 203). (Kerzog, 
Ah Br. Arch. 50, 299.) 

Lc/fd-compoundfi. — Aqueous mannite dissolves load-oxide, forming 
an alkaline liquid ]>recipitai)le by ammonia. It is not precipitated 
either by neutral or by b.asic acetate of lead, but an ammoniacal solu- 
tion of the neutral av,(da,t{‘ ])Vodiie(‘s a pn'cipitabi in the concentrated 
solution of mannite (Bertludot). — The manuito may be rc( ‘-entered from 
the lead-compound in its original state. 

a. Scxlmsic. — Tlio coTn])Ound h i.roated i\\ the recently pvee.ipitatod 
state with cold, or after drying, with boiling water, is vcsoIwhI into an 
insoluble basic and a solnl)le TH3utral hiad-coinpound of mannitc. 


12 C 

.. 72 0 

8-81 

Favre. 

nmn, 

8-82 

10 IT 

10*0 . 

... 1-22 ... 

1-24 

8 0 

.. 64*0 . 

... 7*83 ... 

7*91 

0 PhD 

.. 670-8 

... 82-14 ... 

82-03 

Cism«l>b'iO'“2Pb() 

816-8 . 

... 100-00 ... 

100-00 


b. Quadnhmic. — Into a *warm ammoniacal solution of neutral 
acetate of Ic^ad, a conenntrated atpieous solution f)f mannit(i is ponrcid, 
in quantity not sufliinent for comphdn pr(,u*,ipiiat’ion. The inixiair(3, 
wbicli is dear at first, deposit^?, afinr stamling for some iinn^, sl(md<^r 
lamipm, wbkti nmstla^ <‘.oll(H;t(Ml out of contavd wiih iMo air a^nd prt'SSCKl. 
Tlio same compound is separated from the pre(^(ding mixture bjal(3oh()l, 
and may be obtained imreby washing witli alcoliol. — -It does not give 
off the whole of its water in viumo till luxated to 130°, turning yellow at 
the same time, but without fnrtlier alteration. It is decomposed by 
boiling with water, or in the recently precipitated state, even by wash- 
ing with cold watei*, the basic compound a then remaining. The filtrate 
yields by evaporation a crystalline deposit of If, and if evaporated in vacuo after the re- 
moval of this deposit, it leaves a mass which, after drying at 130®, contains 67*9 p. c. 
lead-oxide, together with carbon, hydrogen and oxygen, in proportions answering to the 
formula (Pavre.) 
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Pavre. 



at 135° m metio, 


mrau. 

12 

c 

72 0 .... 

32*16 ... 

12*15 

10 

n 

10-0 

1 (il) ... 

1*07 

8 

0 

(M'O .... 

lO'Sl ... 

I0*8H 

4 

P1)0 

447*2 .... 

75*:vi ... 

. ... 75*30 


I-P»PU'0»2 

6i)3*2 

100*00 .... 

100-00 


Knop regards Favre’s lead-compounds as mixtures (sec Pharm. Ccntr. 1850, 50). 

Mannite protects /crrw salts from prccipitaiion l)y yarimis ixjag-ents 
(H. Rose). Aqueous mannite docs not dissolve the oxid()S of anihiioui/, 
hismuthj zinc, iron or tin (Ricg'el). 

Aqueous mannite docs not dissolve cupric oxide (Ri<'g*(‘l) — Fixun a.n 
aqueous solution of mannite mixed witli cupric sulphate, poinsli throws 
down a blue precipitate which dissolves in cxc(iSB of the alkalij 
without imderg'oing any alteration on boiling. 

Alannitc is nearly insoluble in cold absolute alcohol, andbut spa-rlngly 
soluble in the same licpiid when heated (Buchholz) ; in hot mtueous 
alcohol it dissolves in such quantity that the liquid Rolidifies to a 
crystalline pulp on cooling. It dissolves at 14° in 1430 to lOOO pts. 
absolute alcohol, and at 1*5° in 84 to 90 pts, alcohol of sp. gr. 0*8085 
(Bcrthelot). — Insoluble in eth&t\ 


Appendix to Mayiniie. 

Mannide. 

or 


BniiTnFXOT (1856). N. Ann. Chim. Phifs. 47, 312; Chim. organ, Ptiris 

1860, 2, 204 5 Lieh. Kopp. Jahreshcr. 1856, 657. 

Obtained in one instance by heating mannite with bulyrl<-. aoJd in a 
sealed tube to a tempcratnr<3 between 200° and 250°. Al’lcr d(H‘uniing 
the liquid containing the Inityric a(hl, th(Mx^ n'lnaincd at tlu'. hoO.om of 
the vessel, crystals of mannite, and a Ihiuid whuh, wfien <liHHolv(‘d hi 
water, evaporated to dryness, taken iq) with ahsohib^ ah^ohol, agnin 
evaporated, washed with ether, retlissolved in alcohol, and (!Va.pora.ied 
— yielded maimido. 

Properties. Thick, scarcely fluid syrup, having a sweevt ta.Ri:<q vviiii 
bitter after-taste. Neutral Volatilises slightly at 100°, tiiniv a.i 140h 
Volatilises when heated on platinum-foil, apparently witliout decom- 
position. 



at 104°, 


Bertliclot 

12 C 

72 ... 

. 4f);3 . 


10 H 


.. 6*9 , 

7*3 

8 O 

04 ... 

, 43*8 ., 

44*0 

.... 

146 ... 

. 100*0 

100*0 
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Deliquesces in contact with the air, and is partially converted into 
mannite. In a moderately damp atmosphere, it takes up 40 p. c. 
water in 12 liours ; in an atmosphere saturated with moisture, it takes 
up 80 per cent, in 4 days, part of the water evaporating again on stand- 
ing, and crystals of mannite separating out. — 'WI kui left in contact 
with oil of vitriol at 100° for several hours, it forms a compound whose 
baryta-salt is amorphous and insoluble in water. When inannide is 
heated to 200° with henzoic ackl^ a neutral compound insoluble in ether 
is formed, probably bibenzo-mannitc, — When inannide is heated to 
100° with baryta-crijstals^^ a small portion of it is converted into mannite. 

Soluble in water and in absolute alcohol; insoluble in ether. 


Mannitan. 

QiajqwQio^ 

Bertitelot. N. Ann. Chm. PJu/s. 47, 30G ; Lieh. Kopp. Jahresber. 1856, 

G55 ; Chim. organ. Paris, 1860, 2, 172. 

Formation. 1. By heating mannite to 200°. — 2. By dccomimsing 
mannitic ethers witli water at 240°, with acids, alkalis, or Icnul-oxide at 
100°, or with alcohol. — 3. By heating mannite with concentrated 
arpicous or alcoholic hydrochloric acid. 

Prepamtion. L When mannite is heated for some minutes to 200° 
in an open capsule, part of it gives off water, and is converted into 
mannitan, while another portion remains undecomi)OBed. The product is 
dissolved in water; the solution cvjiporated till the un decomposed 
mannite crystallises ; the last mothcr-liipior evaporated to dryness over 
tlu) watoi'-bath; and the residue exhausted with absolute alcohol, 
which tak(‘S up tlie mannitan. To remove the sccondaay products 
formed by the heat, the alcoholic solution is digt^sted fur somt^ hours 
with oxide of load ; the liltrato mix<Hl with water is frcMid from dis- 
solved l( 3 a.d hy sulphuretUid liydroging and evaporatcsl to dryuoss ; and 
the mannitan is extraclxMl from the resuhuy by ubsnliilxi akxdml. — 
2. Mannite is boiled with fuming bydroidiloric a,cid in a loiig-iuH;k(ul 
llask for 60 lionrs; tlui li(niid is (waporalcul ov<a’ ilu^ wa,i(;r-baih ; the 
rosiduo mixed, with oxide of haul and dig(‘HttMl witli alcohol; a, ml tlui 
solution, afim* being 1.nad.<Hl with siilplmndlxMl iiy<ln>gcn, a.nd fixHxl 
from Hul))hidc of haul by liltralion, is (waporaUal to (Iryncss. The 
n^sidual syru}) is tixaUed with absolute alcohol; any ma,miit(‘. that may 
nmialn nux(Ml with it is suffenal to cryslallisii out; the iiltrate is 
evaporated; and the mannitan which nauains is fmTluu' purilkM by 
wasliing with ether, re-solution in, absolute alcohol, a/ud evaporation. 
— 3. Mannite may also be dissolved in a mixture of alcoliol and fuming 
hyflrochloric acid, and the solution luadxid to 100° in a sealed tube for 
6() hours, the li(pud then S(i],)arating' into two layers, the pippor of 
whi{;h consists of chloride of ethyl. Tliis is niimwi'd, the lower 
ax|U(X)us sli'atum evaporated to thyness over the wat(n’-bath, and tlm 
Ti^Hidue purified as in (2). — 4. Vvluni Hhuiro-iaaimite is heated witli 
water in a sealed tube to 240°, sKsaric acid separatcis, and an acpieous 

VOL. XV* 
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Appears to be produced under the same circumstances as mannito-bisulphuric acid 
(p. 371), and known, like that compound, only in combination with water and with 
bases. Discovered by Kuop & Schnedermann. More recently (^PhwM. CcntT. 1849, 
803, and 1850, 51), the former expresses a doubt as to whether the substances examined 
by themselves and by Favre were of definite chemical constitution. 

The lead-salt is obtained in aqueous solution by dissolving man- 
nite in oil of vitriol, diluting with water, digesting with carbonate of 
lead, and filtering from sulphate of lead ; and this solution, decomposed 
by hydrosulphurk acid, yields aqueous mannito-tersulplmm acidj as a 
colourless strongly acid liquid, which is resolved by evaporation into 
mannite and sulphuric acid. 

The mannito-tersulphates are easily decomposiblc, and are all soluble in 
water. Knop & Schnedermann gave the formula C^H7M^0®,4S02 ; Gerhardt {Compt, 
chim. 1, 20) and Strecker, that which is here adopted. 

Potash-salt. — Obtained as a yellow syrup by precipitating the 
aqueous lead- or baryta-salt with sulphate of potash, aTid evaporating 
the filtrate at a gentle heat. Tliis syrup dries up between 50“ anil O0“ 
to a translucent deliquescent gum, which is insoluble in alcohol and 
contains a small quantity of sulphate. 


Knop & Schnedermann. 


12 C 

.... 72'0 , 

... 13*42 

14*13 

11 H 

.... ITO 

2*05 

2*40 

6 S 

.... 95'0 

.. 17*89 

17*45 

27 0 

... 216*0 

... 40*25 

40-04 

3 KO 

.... 141*6 

... 26*39 

25*98 

Ci2HiiK30i2,6S0» .... 

.... 536*6 

... 100*00 ..... 

100*00 


Soda-salt — Obtained like the potash-salt, which it also resembles. 


Knop &; Schnedermann, 


12 C 

72 .... 

14*75 

14*48 

11 H 

11 

2*25 

2-47 

6 S 

96 .... 

19-G7 


27 0 

.... 216 .... 

.... 44*27 


3 NaO 

93 .... 

19*06 

18*84 

C“HW0“,6S03 ... 

488 ... 

. ... 100*00 



— A. solution of mannite in oil of vitriol m mixed with 
water, and the solution is noutralisod with carbonate of liai-yta atid 
evaporated, during which process small quantities of sulphate of baryta 
are continually deposited. The solution, concentrated till it forms a 
saline crust, deposits, on cooling, white crystalline grains, and if some- 
what more concentrated, solidifies to a jolly, whiclh dries up to a wliite 
fissured mass. Alcohol precipitates it from the aqueous solution as a 
white, indistinctly granulo-crystallino powder. The salt is easily 
decomposed by heat. More recently Knop makes the following statements 
The baryta-saU, prepared as above, by evaporating the solution and drying at 65% gave 
45-5 p. c. BaO,SO ,• the same solution, precipitated with absolute alcohol, yielded a 
salt which gave 49-7 p. c. BaO,SO% 14*56 C. and 2*4 N. The solution rLaining 
o ^ Sin evaporation to dryness, a salt which gave 25 ’8 p, c. 

Ba0,i50 . Hence, Knop regards it as probable that the salts examined by himself and 
bchnedermann were mixtures {Pharm. Cenir. 1849, 802). 
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Knop & Schnedermanu, 


J2 C 

. 72*0 . 

.. 11*58 

11*19 

11 H 

. 11*0 

.. 1*76 

2*03 

6 S 

96*0 . 

.. 15*37 

15*32 

27 O 

216*0 . 

.. 34*59 

35*11 

3 BaO 

. 229*5 . 

.. 36*75 

36*35 

02H“Ba3O'2,6SOl,.. 

, 624*5 

... 100*00 

100*00 


B7'97 p. c. BaO corresponds to 57*82 p. c, BaO,SO^. 

Lead-salt. — (Preparation p. 372.) The aqueous solution deposits sul- 
phate of load when evaporated at a gentle heat, and leaves a turpen- 
tine-like mass which decomposes on further exposure to heat. Pre- 
cipitated by alcohol from the concentrated solution in oil-drops, which 
dry up, in vacuo, to a yellow amorphous deliquescent mass, and 
leave a small quantity of sulphate of lead when dissolved in water. 

Knop & Schnedermann, 


12 C 

72*0 .. 

. 9*87 

9*48 

11 H 

11*0 .. 

. 1*41 


6 S 

96*0 .. 

. 13*26 


27 0 

216*0 .. 

. 29*62 


3 PbO 

334*2 .. 

. 45*84 . 

44*38 


Ci2Hui>b30i2,6SOh... 729'2 .... 100*00 


Chlorhydro-mannitan, 

= C'TP0^2I10L 

Berthblot. Id. Ami. Chm. Phys , 47,' 834 ; Chim. organ. 2, 197 } Liehn 

Kojgj. Jakresher. 1856, 661. 

Mannite cMorhydHque or monochlorhjdnque ; Chlormamitanafer (p. 362). 

Maniiito is heated to 100“ in a closed tube with 10 to 15 pts. 
fuming hydrochloric acid; the liquid is ncutrallBed with carbonate of 
potasli, shaken up with ether, and evaporated ; the syrup is left at 
rest for some months in vaciuo j and the crystals which S(q>arate arc 
puriliod by recrysiallisation from other. There remains a mother-liquor, 
perhaps consisting of similar componnds. 

White, microscopic crystals roBcmbling rrumnite, with a bitter aro- 
matic taste and aromatic odour, winch is etnilted wlum they are beated- 
Neutral Mohs when heated, and sol idi fics iij a crystalline uiasson 
cooling. Volatilises without decomposition when heated on platinum- 
foil. 


12 C.... 

.... 72 , 

... 35*82 .. 

Berthelot 
35*9 

2 Cl 

71 . 

... 35*32 


10 H 

.... 10 , 

... 4*97 .. 

5‘6 

6 0 

.... 48 . 

... 23*89 


..... 

.... 201 . 

... 100*00 



The vapour, when set on fire, burns with a green-edged flame, and 
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forms liydrocliloric acid. — Decomposed by lime into maniiitau and 
liydrocliiorate of lime. Not precipitated hj nil rate of silver horn tlio 
alcoholic solution. 

Soluble in alcohol and in efiher. 


Compound of Formic Acid with Mamiite- 

W. Knop. /. p '. Chem,, 48, 8G2 ; abstr. Ann,, Pliarni. 74, 347 ; Pharnk 

Centi\ 1849, 303. 

Formiie, Ameismsciure-MannU (ses page 363). 

Formed by heating mannitc with excess of oxalic acid, which is 
thereby resolved into formic and carbonic acids. The niixtui*e is heated 
for five hours to 110°, then for a few hours to diP, to cxiud oxcuss of 
formic acid and carbonic acid, after which th<n’(} Runains a colourless 
syrap which is liquid while hot, and solidilies on cooling. .From 
tMs product, the last traces of formic acid may he ixunoved by 
ether. 

When left for some time over oil of vitriol, it becomes turbid and 
acquires an odour. In contact with ham, it is quickly resolved ijjto.l at. 
mannite and 2 at. formate, and is therefore, perhaps, 

(Knop). Later {Chemische Meihoden, Leipzig, 1859, 281), Knop gives the for- 
mula which does not agree with his earlier analysis. He regards it 

as doubtful whether this compound belongs to the ethers of the third class {EhUt, vii, 
215), inasmuch as it is much less stable than Berthelot’s mannitic ethers. 


Ethylo-mannitan. 

C“H“0“ = 0‘“II“0“,2C‘‘E'0. 

BEBTftiii.OT. N. Ann. CMm. PJiys. 47, 341 ; Chhn. organ. 2, 203 ; /Ad. 

Kopp. Jakresher. 1856, 6 C3. 

Mannitanvinqfsr, 

A mixture of mannitc, potash-hydrate, a small quantiity of W{v(;c'r, 
and hromide of ethyl, is heated to 100° in a sealed tiibc^ for 30 or 40 
hours, then shaken up with ether and the extract evaporated. 

Colourless, bitter syrup, winch volatilises* without dccoin|)OHitioii 
when heated on platinum-foil. 


20 C 

. 120 . 

54*54 .. 

Berthelot, 
54*3 

20 H 

. 20 , 

... 9-09 .. 

9-7 

10 0 

. 80 . 

... ao-.s? .. 

3G’0 


, 220 .. 

... 100*00 .. 

lOO’O 


Carbonises when heated in a tube. — Decomposed by a mixture of 
oil of vitriol and butyric acid, with formation of butyrate of ethyl* 
Nearly insoluble in water, easily soluble in akoliol and ethr. 
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Aceto-mannitan. 

(J20XPOM - 


Berthelot. N", Ami. Chim. Phys. 47, 315 ; Chim. organ. 2, 185 ; Lkh. 

Ko}yp. Jahresh&r, 1856, C57. 

Mannite aceliqiie or monoac6tique. — Biessigsanre - Mamitandtherf Essigman" 
nitane.siBr. 

Formation. By licating mannite with glacial acetic acid to 200° — 
220 . In contact with oil of vitriol and acetic acid, at mean temperatures, or with, 
glacial acetic acid at 100” C., mannite forms only traces of this compound. 

Preparation. A mixture of glacial acetic acid and mannite is heated 
to 200° — 220° for 50 or 60 hours ; and the product is mixed with 
aqueous soda-solution, neutralised completely by adding a small quan- 
tity of solid potasli, and shaken up with ether as long as that liquid 
takes up any of the compound. The ethereal extracts are decolorised 
with animal charcoal and evaporated in vacuo at a gentle Iicat. 

Properties. Neutral syrup, having a very bitter taste. Tn, odorous 
in the cold, but gives off a peculiar oilour when gently hoate<L When 
heated on platinnm-foil it volatilises almost without dccompositioh. — - 
Decomposed with baryta-water, it yields 40*4 p. c, acetic acid (^calc. 48*4 p. c. 
and 74*4 p. c. mannite, together with maimitau (calc. 73'7 p. c. mannite). 


20 C 

120 . 

... 48*39 .. 

Berthdot 
48*7 

10' H 

16 . 

... 6‘45 .. 

6*7 

14 0 

U2 . 

... 45U6 .. 

44*6 

C-i'IlifO"* 

248 

... 100*00 .. 

100*0 


Decompositions. 1. ITeatedin a tube, it decomposes and gives off an 
odour of caramel. — 2. It undergoes but very slight alteration when 
kept for matiy months in contact with water containing alcohol — 
3. Alcoholic hydrocldoric acid dccompoBcs itin a few days, into mannitan 
and acetic acid ; l)ut by longer-continued action, mannite is like- 
wise formed. — 4. Jkiryta-water acts slowly at 100°, decoinpoBing it 
completely in 50 hours, into mannitan ami acetate of baryta. 

In water it dissolves without decompoHition, even at the boiling 
heat. Soluble in alcohol and in eiher^ but not in sulphide of carbon. 


Bibutyro-mannitan. 

Q^SJIUQU C'»H'^08,2CTO0l 

Berthblot. F. Ann. Chim. Phys. 47 , 319 ; Ohm. organ. 2, 188 ; Lick 
Kojip. Jaliresber. 1856 , 658 . 

Mannite monobutyrique (Berthelot). BibutWedwe^rnmnitamsier. 
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Obtained, in larger quantity tlian accto-mannitc, by heating maii- 
nite with bntyiic acid to 200° for ten hours, and pnrilied in the sauK^ 
manner as aceto-inannite. 

Semifluid, tenacious mass, intermixed with microseopic needles, 
mobile and having a faint odour when hot. Neutral. Tastes vei*y 
bitter. When heated on platinum-foil, it volatilises in tlmvk vapours 
and almost without decomposition. Decomposed by baryta-water, it yields (>0*4 
p. c. butyric acid and 52‘2 p. c. mannitan (calc. 57'9 p. c. and 54*0 

Bcrtbelot. 


28 

C 

168 .. 

.. 55*26 .... 

.... 54-85 

24 

H 

24 

.. 7*89 .... 

.... 7-85 

14 

0 

112 .. 

.. 36-85 .... 

.... 37-30 


C2SH24014 304 .... 100 00 100-00 


Decom'positmis, 1. When the compound is rapidly heated^ a small 
portion of it chars, hums with a white luminous flanub and an odour 
like that emitted by tartaric acid under simihir circuinstanc(\s. — 2. By 
contact for some months with water containing alcohol, or by boiling 
for several hours, a small portion of the acid is set fi’C(u Complete 
decomposition into butyric acid and mannitan is effected l>y h(^a,ting it 
with water to 240°. — 8. Alcoholic /iyeZrocA/orm acW, even in tlu^ cold, 
forms mannitan and butyric ether. — 4. The compound is likewise 
decomposed into mannitan and a butyrate by heating with hari/t(Mvater 
or lead-oxide. — By excess of butyric acid at 200° — 250°, it is converted 
into quadributyro-mannitan. 

Insoluble in water, slightly soluble in sulphide of carbon, easily in 
alcohol and ether. 


Quadril3ut3n:*o-mannitan. 

QujinQiB ^ C^®IPO«,4C«IFOb 


Berthelot, loG, cit. 

Mamite dihutyrlque, Quadributiers'dure-mamiiufmier (p. 302). 

Obtained by heating Mbutyro-maunitau with (,5 ,xcohs of Imtyi'ioncld 
to 200° — 250°, and purified like acoto-oiaunitc. — ^When a mixture of equal 
pts. mannite, butyric acid and oil of 'vitriol is left to itself for a week, tlum diluted with 
water, neutralised with carbonate of potash, aud shaken up with ether, the ether takes 
up an oil which contains 58-3 carbon and 7-8 hydrogen, but yields on decompoHition a 
small quantity of sulphuric acid as well as butyric acid and mannitan. 

Colourless, hitter, neutral oil, which volatilises without residue 
when heated on platinum foil. 

Jft vacuo. Berthelot. 

44 C 264 .... 59-47 59*8 

36 H 36 .... 8-11 8-2 

18 O 144 .... 32- 42 32*0 

444 .... 100-00 lOO'O 

Soluble in alcohol and precipitated by^ water. 
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Succino-mannitan. 

Van Bemmklen. Scheihmd. VcrJianddwgen cn Omhrzoek. 13; abstr. 
Kopp’s Juhresher. 1858, 434.. 

Bernsieinsanre-mannitanester (p. 363). 

Mannitc and succinic acid in equal numbers of atoms arc heated 
tog'ctlior in the oil-bath to 170°, whereupon the mixture gives off 
water and melts to a yellow liquid, and then solidifies to a hard, dark- 
grey mass, which is to be triturated and well boiled with alcohol. 
Tasteless. Neutral. 

van Bemmelen. 

at 1 70“ — 180°. '>7iean. 

20 C 120 .... 48'73 48’90 

14 H 14 .... 5*68 5*53 

14 O 112 .... 45-54 45*57 

24G .... 100-00 100-00 


Decomposed by prolonged boilin.g- with — Dissolves in oil of 
vitriol and in warm nitric acirf succiiuc acid being set lVe(^, and mannitc 
ent(n-ing into combination with th(^ mineral a, (fid. — DeciornpoHed by 
boiling with lead-oxide, with separation of succinate of lead, part of 
the lead, however, remaining- in solution as mannito-succinatc. 

Insoluble in %oata\ alcohol, and ethe?'. 


Mannitartaric Acid. 

O30JI18O85 or 

BKETtmLOt. N, A'fin. C7/«m. P//yfi. 47, 330 ; Chim, organ. 2,200 i Lieh, 

Kopp, Jalmsher. 185G, GOO. 

Adde mannitartrique or mannitritaririque, Manniiartmt'lM^e. •— Known only in 
combination (p. 3GS). 

Wlicn a mixture of ofjual })ts. mannitc and tartaric acid is heated 
for five hours to 100° — 120° in a open vessel, a glutinous very acid 
mass is produced, which is a mixture of marmitartario acitl, tartaric 
acid and mamiito. This mixture is tritui-ated with carbonate of limo 
and a small quantity of water till it becomes neutral, then filtered and 
precipitated with alcohol. The precipitated mannitartrate of lime 
purified by repeated solution in water and precipitation with alcohol, and 
decomposed in aqueous solution with an equivalent quantity of oxalic 
acid, yields aqueous tnannitai-taric acid, which is gradually resolved 
into mannite and tartaric acid. 

Mannitartaric acid is terbasic. (Bertholot) If i at. of the add be supposed 
to contain 1 at. maimite the acid must be regarded as sexbasic, and represented by 
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the formula C®'^tF®0^o (Kr.) Its salts heated with hydrate of lime to lOO*^ 
for fifty or sixty hours, are resolved into mannitc, marmitaii, and 
tartaric acid. 

Ifanmtarfmte of A'V'hito, looB(^ly cohor(rnt, amor- 

phous powder, wliich dissolves easily in wahn* win, m rcKxmtly pnn'Jpitatod, 
but with dilficiilty after dryiiig, and is precipitated by aleoln)]. ^Alicr 
di*ying in vacuo, it retains (J at. wat(u', 4 jit. of which, auiountiiig to 
6‘0 p. c. (calc. 6*1 p. c. IIO) go off at 



In mcuo. 


Berthelot. 

30 C 

180 .. 

.. 30*56 .. 

30*1 

21 H 

21 .. 

.. 3*5T ... 

3*9 

38 0 

304 .. 

.. 5! *61 ... 

52*4 

3 CaO 

84 .. 

.. 14*26 ... 

i:V6 

.... 

589 ... 

„ 100*00 ... 

100*0 


Mannitartmte of Mdgnemt, — Obtained like the lirno-salt, magnma 
alba being used instead of carbonate of lime. On mixing the aqueous 
solution with alcohol, the salt is precipitated as a soft, seini-iliiid inaBS* 
It is more soluble tlian the lime-salt in a(tueous alcohol. The salt, 
after drying in vacuo, gives off 31*2 p. c. water, oorreBponding- to 
30 at. (calc. 31*36 p. c.) at 140°. 


30 C 

In vacno, 

180 .... 

, 20*91 . 

Berthelot, 
20*7 

45 H 

45 .... 

5*23 . 

5*1 

62 0 

496 .... 

57*60 . 

57*5 

7 AfgO 

140 .... 

, 16*26 . 

16*7 


C30Mg3iP5O3h4MgO,30aq 861 .... 100*00 100*0 


Citro-mannitan. 

(J24PI14018 

Van Bemmelbx. ScJmkund. VerhandUngen m OnderzoeJcwg<mj 2 Daf 
1 Stuck, Eotterdam, 1858. Onderz, 17 ; abstr. Jxopp'a Jahmlm\ 
1858, 431. 

Citromamitmester (p, 363). 

A mixture of citric acid and mannitc in oqtuil luunbcrs of atoms 
is heated to 130° — 140°, till the mass becomes dry, friable and taste- 
less. 

Light-yellow, very hygroscopic mass, winch decomposcB like succino- 
maniiitan when boiled with water, alcohol or alkalis, or wlicn (nl of 
vitriol or 7utric acid is poured upon it. — Insoluble in imter, alcohol, and 
ether. 





van Bemmolen. 


at 162“. 


mean. 

24 C 

144 ... 

. 47*68 

47*12 

14 H 

14 .... 

. 4*63 


18 O 

144 .... 

. 47*69 

48*05 


302 .... 100*00 ........ 100*00 



BIBBNZO-MANNITAN. 


S79 


Bicitro-mannitan, 


(jsoiisooao _ 


Van .Be]\i]\j:kle.n, loc , at . 

See pp.3G2, C63. — 1 at. maiiiutc is heated to 140° with 2 at. citric acid, 
till the mass has become hard, dry and tasteless. — Light yellow, 
neutral mass, decomposed by boiling for some time with water ox haryta- 
water. 


van Bcmmelen. 
wean. 


36 C 

216 . 

... 45*38 ... 

45*40 

20 H 

.... 20 

... 4*20 .... 

4*46 

30 0 

.... 240 

... 50*42 ... 

50*08 

C36H2()o:jo 

476 . 

... 100*00 ... 

100*00 


Bibenzo-mannitan. 

(J^IPOQU ^ OWJ110(j8^2C'q?Ol 

.Bektttelot, N. Ann. Ohm,. Phijs. 47, 327 j Chim. organ 2, 193 ; Lkh. 

Kopp. Jahreaher. 1856, 660. 

Mannite henzo'ique or monohcnzu'lfiue. Bihenzoemamiianester (p, 362). 

01)tained by heating mannite with benzoic acid to 200“ for ton hours, 
and purified like aceto-rnannite (p. 375), till it reacts neutral. 

Tough, semi-solid resin which, may be drawn out into threads. 
Neutral, tasteless at first, afterwards bitter and aromatic. 

at 120®. Bevthelot. 

40 0 240 .... 64*52 CM 

20 n 20 .... 5*37 C’B 

14 0 112 .... 30*11 30*1 

372 .... 100*00 1001) 

When heated on plalhmm-foil, it simdls lilce roasted a|)ples, chars, 
and Inims away without reKi<hie. lleate<l in a test-tulH% it yields 
ncedloB of benzoic mid. —« When kdt for Hcvcnd months in contact 
with water containing alcohol, it tunm sour and gives off the odour of 
benzoic (3 ther. — By alcoliolic hgdroahlorh arid, b<irf/t(Mvater, and kad- 
oxide, it is decomposed less easily than bibutyro-inarmitan. — By a 
larger excess of benzoh acid between 200° and 250°, it is slowly con- 
verted into hexabenzo-mannitan. 

Insoluble in water, nearly insoluble in sulphide of carbon, easily 
soluble in alcohol and in ether. 
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Hexabenzo-mannitan. 

C'lP'O'® = 0'®IF0^G0'W0l 


Berthelot, loc. at, 

Mannite trihenzoKine i HexahensoUmannifanester. — Bibcnzo-inainiltail is 
heated to 200°— 250° in a Bcaled tube for 20 liouvs, with a large 
excess of benzoic acid ; the neutral compound thus formed is cxtra-ctcd 
from the product, and treated in like manner with benzoic acid a second 
time; and the product is purified like aceto-mannite. 

Solid, neutral resin, which is decomposed by heating with hydrate 
of lime, and contains 73*4 carbon, 5*2 hydrogen and 21-4 oxygen, corres- 
ponding to the formula Me. 73*1 p. c. 0.,4*G IL and 22-3 0.) 


Nitro-mannite- 

Fl. Bomonte & M^nari). Compt. rend, 24, 80 and 391 ; N. J, Pliarm, 
12, 159 ; Pharm, Centr, 1847, 892. 

SoBRERO. Compt rend, 25, 121; Ann. Pharm. G4, 397; Dingl. 105, 
378. 

A. Strecker. Ann. Pharm. 73, 50. 

A. KiNOP. Pharm. Centr. 1840, 806; 1850, 49; J.pr. Chm. 48, 3 GO; 
49, 228 ; Ann. Pharm. 74, 347. 

A. & W. Knop. Pharm. Centr. 1852, 129 ; in detail : J*. pr, Chem. 
56, 337. 

Mamite quintinitrique (Domonte & Mdnard), trinitrique (Bertlielot). 

Preparation. 1 pt. of pulverised mannite is triturated with a small 
quantity of nitric acid of sp. gr. 1\5 till it disBolvos ; a small quantity 
of oil of vitriol is added, then nitric acid and oil of vitriol altornatc^ly till 
4-|- pts. nitric acid and 10| pts. oil of vitriol have becjn consumed. The 
pasty mass is mixed with a large quantity of water; and the 8tJf)arat(id 
nitromannite is collected, and purified by rcorystallisation from alcohol. 
(Strecker, Knop.) In the mother-liquid there remains a small quantity of a much 
more fusible product, which may be extracted by ethfiSr after neutralisation with carbonate 
of potash. (Berthelot.) 

Properties. White, silky needles, molting between 68° and 72° 
(Bechamp, Compt. rend. 51, 258). 


12 C 

72 .. 

.. 15*93 

Domonte 
& Menard. 

.... 17*20 

Svanberg 
& Staaf. 

.... 19*40 ..... 

Strecker. 
.... 16*07 

6 N 

84 .. 

.. 18*58 

.... 17*25 


18*20 

8 H 

8 .. 

.. 1*77 

.... 1*85 

1" 2*15 

... 1*94 

36 0 ...... 

288 .. 

.. 63*72 

.... 63*70 


63*79 


452 .... lOO'OO .... 100*00 


100*00 
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Earlier formulae, the incorrectness of which has been shown by Sireckor ( — for the sake 
of uniformity, the nitrogen is given in all cases ashyponitricacid— ) ; C^“rFX'’0'-(Domonte 
& Menard) ; (Svanberg & Staaf, Ber::, Jahresher. 1849, 360) ; 

(Stenhouse, Anji. Pharm. 70, 218). Svanberg & Staaf s analyses led Berthelot {Chin, 
organ. 2, 195) to regard the product examined by them mMannitc cUnUriqtie 
(=C^"1FX*0^**), for which, however, according to Strecker's investigation, there is no 
real ground, even if (as in the case of dulcite) later experiments should reveal the exist- 
ence of two nitro-compounds. (Kr.) — According to ICnop and others, nitro-mannite 
contains nitric acid as a proximate constituent, a view of its constitution resting on 
arguments similar to those adduced in the case of pyroxylin (p. 174). 

Decompositions. 1. Nitro-inannite, wlienkept for some years, xmclcr- 
gocs a spontaneous decomposition attended with evolution of red vapours 
and of nitric acid (Strccker). See the corresponding decomposition of nitro- 
dulcite. — 2, When heated to 90°, it regularly gives off red vapours aud 
leaves a hard, white, friable residue (Bechamp, Oompt. rend. 41, 258). 
When carefully heated in a test-tube, it melts, with slight evolution of 
red vapours, and solidifios in the crystalline form on coolitig. When 
loss strongly heated, it detonates, with abundant evolution of red 
vapours, and loaves no residue (Strccker). — 3. It docs not explode by 
slight friction, but when struck with a hammer, it detonates violently 
without apparent emission of red vapours, and sets fire to gunpowder 
mixed with it (Sohrero). — 4. Oil of vitriol dissolves nitro-mannite 
almndantly aud without evolution of ga,8; even the addition of copper- 
turnings produces no alteration; but a few drops of wai(n“ (dimiuate 
largo (piantities of red vapour, whilst the solution takes u[) coppen’ and 
heeomes green (Stre<;ker). — Oil of vitriol diluled with from 2 to 4 ixn* 
cent, of water eliminates from nitro-mannihb after some time, colourless 
vapours of nitric aiful (Knop). — 5. Wlum ,an alcoliolic solution of 
nitro-mannite is mixed with a large excess of sniphide of (tmmonmm, whiiili 
is completely satui’ated with hydrosulphuric acid, it m reduced to mau- 
nite, with evolution of a larger quantity of ammonia and 8ef)aration of 
sulphur. If sulphide of ammonium less completely saturated with 
sulphuretted liydrogtm ho used, there remains, on evaporation, a 
coloured product, containing, in addition to mannito, the ammonia 
salt of an organic acid (.Dessaignes,^ rw?. 33, 4 32); see also Knop. 
P/mrm. Centr. 1849, 807'. — 0. By continued boiling witli a(pieous bimljMu 
ofmnnmnia complcjtcly satunited witli sulphurous a(5id, nltro-marmito is 
rcducMKi to mannito, with formation of sul].)hat(^, niirii,(i ujid nltruiie of 
amirumia (A. & VV*. Ku()|)), Stilphmxms ndd ami hyc1rosuIplmri(! aciil do not 
appear to act on nitwHiiannice. — 7. \\}f ferrous acetate it is riMlmual to man- 
;riite (Ih^chami.), N'. Ann. (Jhim. i%s‘. 4(5, 354), for tln^ most part to 
marmitan (Btn*tludot). By trcidlng nitro-mannit(^ with, hydrooliloric 
acid and iron, (jopper or zinc, mannito and many (lecompoHiiion-pro- 
ducts are obtained. 

8. By boiling aqucotis or cold alcoholic potash^ nitre.) -mannito is 
dissolved, with red lirown coloratiiin. (Strccker.) — 9. Nitro-mannite 
heated with harytu-waUT to 100” for forty hours, is dissolved with yellow 
colour, hut neither mannito or mannitan can bo detected in the solution 
(Berthelot, N. Am. Chim. Phys. 47, 340). 

Nitro-mannitie dissolves in alcohol and in ether, especially with aid 
of heat. 
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Second A 2 ypeRclh to Manmte, 

Mannitic Acid. 

C“IPO“ 

Gobup-Besanez. Ann. Plmrm. 118, 257. 

The formation of a non-volatile acid from mannite was first observed by Dfibereiner 
{J. pr. Chem. 28, 4.98, and 29, 452). — This acid is produced from manmte under the 
influence of platinum -black (p. 360) ; perhaps, also, with the aid of nitric acid (p. 360). 

PrejKiraiio7i. A mixture of 1 jjt. mannite and 2 pts. platinum -black 
is moistened witli water and left to its(^]f at a temj)eratiirci not cxccckI- 
i,n(>' or 40°, the water which evaporates being’ freipunilly nmewcul, 
till the wliolc of the mannite is dec()mpos(H!, wliicli, if 20 or 30 grins, 
of mannite are used, takes jdace in about three wtadcs. ' If the temperutm-e 
rises above 40®, the acid undergoes further alteration, and if the mixture liticoimw dry, 
it sometimes tabes fire. — The luass is exhausted with wakr; ilK‘. solntion 
is precipitated with basic acetate of lead; and the precipii.atti is 
collected, washed, and decomposed by bydrosulpluiric acid. The solu- 
tion filtered from sulphide of lead is eva[)oratod, iirsfc over the wai.tn*- 
bath, then, when it begins to show colour, in vacuo over oil of vitriol 

Proj^ertics. Gummy, amorphous mass, without any sign of crystal- 
lisation. Tastes purely and strongly acid. 

Pecompositmis. 1. When heated to 80°, it turns brown, then black, 
and gives off gas. — 2. Heated on platinum- foil, it takes fire and hiu'nB 
with a luminous flame and an odour of caramel, leaving charcoal — 
3. Its aqueous solution turns brown when ]ieat(hl — d. Aqueous man- 
nitic acid heated with cupiic-oxidc ami potash tlirows down cuprous 
oxide ; from nitrate of silver it precipitates the nudal. 

Comlmations. Mannitic acid dissolves in water in all (iroporiloiiH. 
The concentrated solution does not yield crystals when shaken nj) with, alkatim blml^ 
phites. 

With Bases. Acpicous mannitic acid decomposes carlHmai,(?H with 
effervescence, and dissolves zinc and iron, with evolution of hydrogen. 
The hihasic mamiitates are all, excepting tlie lead and silviU’ 

salts, easily soluble in water, and most of them arc aimu’pbous or 
grannlo-crystalliiiG. They are insoluble in alcohol, and whoii procb 
pitated thereby, dissolve with difficulty in' water after drying, and in 
boiling water, they knead together to resinous masses, with partial 
decomposition. They decompose with great facility. 

Mannitic acid likewise forms basic salts ; mono-acid salts Goriip- 
Besanez did not succeed in preparing. The aqueous acid is not pre- 
cipitated by the salts of calcium, ma(/nesmny altmiinum^ zinc, cadmium, 
copper, silver, or mercury. 

Mannitaie of Potash. — Mannitic acid exactly neutralised with 
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aqueous potash, becomes turbid ou addition of alcohol of about 90 per 
cent., and deposits a brownish semi-fluid mass, perhaps bibasic mannitato 
of potash. The solution half neutralised or completely neutralised 
with potash-ley, turns brown and docoinposcs when left to itself or 
evaporated over the water-bath, but does not yield crystals. 

Mannitate of Baryta, — Aqueous mannitio acid is prwipitated by 
excess of baryta-water. The clear solution of inannitic acid neu- 
tralised with baryta- water turns acid from decomposition every time 
it is evaporated over the water-bath. Mannitate of baryta contains 
less baryta than ivS required by the formula of the bibasic salt. 

Maunitdta of Bwie, — Lime-water reacts with raannitic acid in the same manner 
as baryta-water. Aqueous manuitic acid is lieatcd with carbonate of lime 
till the solution becomes neutral and no long*er effervesces; the cooled 
filtrate is mixed with 2 vol. alcohol of sp. gr. 0*82 ; tlie flocks which 
fall down are collected, washed with alcohol, and redissolved in 
water; and the solution is reprecipitated with alcohol. — A¥hite, 
earthy powder, — or if the proequtate has been heated under alcohol, 
— round microscopic granules, without distinct crystalline form, which 
give off adhering water at 100°. — After drying it is but partially 
soluble in water, and melts when boiled tlierewitli to a brown rosin, 
brittle when cold. 


Gorup-Besanez. 

Dried, mean. 


12 0 

72 

.... 30*7f) .... 

30*33 

10 H 

10 

.... 4*28 ... 

4*39 

2 Ca 

40 

.... 17-00 ... 

1G-C9 

M 0 

112 

.... 47*87 ... 

48*59 


234 

.... 100*00 ... 

100*00 


Mamiitate of Lead. — Acetate and nitrate of lead throw down from 
aqueous mannitio acid, precipitates containing from 54*82 to 67*8 p. c. 
lead-oxide, wliilc pa,rt of the mannitic acid rmnaiiiH in solution. Basic 
acetate of lead precipitates mannitic acid completely. 

Biham. — Afpicous mannitio acid is bolhal with oxidt', of lead and 
filtered hot, the filtrate then dejiositing a gramilo-crystallim^ prt'cipiliat'.e, 
while part of the salt remains nudissolved a,s v(‘sin,* <and sidlers partial 
decorapositimL — VVlnm boiled witii wabn*, it is couvei4(,ul into a soft 
resin, brittle when cold. 


12 C 

.... 72*0 . 

... 17*93 . 

G<)i*vip-Be»ancz, 
me cm. 

....... 17*04 

10 H 

.... 30*0 . 

2*40 . 

2*;i7 

2 Pb 

.... 207*4 . 

... 51*00 . 

51*45 

14 0 

.... 112*0 . 

.. 27*02 . 

28*54 

C“H‘»PbSO>‘ .... 

.... 401*4 , 

... 100*00 . 

100*00 


Aqueous mannitic acid partly prevents the precipitation of iron- 
salts by reagents. 

Cn§mc mannitate. — ^Ammoniacal cupric salts form a greem iirocipi- 
tate with aqueous mannitic acid. The aqueous acid, boiled with 
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hydrated cupric oxide, disHolvOvS only a siuall qiuiul.ity, but rodiux^R a 
portion. From a mixture oF tlic a(pie(>ius acid wiib (.nipru; aiMdutc, 
alcohol throws down a ])lue-g'recii precipitab;, cjonluhiing' mo]-<^ cuju’ic 
oxide than the hibasic salt. 

Bibasic. — Aqueous maunitic acid is heated wi(h jL^’ix^cu ])iba,sic. car- 
bonate of copper (v. 414: ; if the blue carbonate is used, redij<!tian is apt to take 
place), and the cincrakl-gTceu solution is evaporated in vataioovur oil of 
vitriol. A salt which sometimes separates from the green solution during cooling, 
usually contains a larger proportion of cupric oxide than the bibasic salt. Bliinilig;’, 

green, friable plates, permanent at 100°. 



at 100®. 


Gonip-Besanez. 

12 C 

72-0 ., 

27-97 

27*29 

10 H 

10*0 . 

... 3*88 

4*09 

2 Cii 

63-4 ., 

... 24(53 

24-7.3 

14 0 

112-0 .. 

.. 43-52 

43-S9 

C121-ii()Cu201‘1 

257-4 

... 100-00 

100-00 


Mcrcitrotis salts and ammonia throw down from arpUiOiiB marmitii^ 
acid a white precipitate, which gradually turuB grey. 

Mamitate of Silver. — A strong aqueous solution of mannitato of 
lime, mixed with a syrupy solution of nitrate of silver, solidilit^s to a 
white pulp, which must be washed with cold wnaten*. Light oliv(V 
green, or greenish yellow powder. When heated in the Ii(|uid from 
which it has been precipitated, it decomposes completely, with separa- 
tion of metallic silver. 


12 C 

72 .. 

.. 17-56 

Gorup'Besanez. 

mean. 

17-52 

10 H 

10 .. 

.. 2-43 

2-19 

2 Ag ... 

216 .. 

.. 52-68 

52-65 

14 0 

112 .. 

.. 27-33 

.... 27-64 


Ci2tpo^g20W.... 410 .... 100*00 100-00 


Maunitic acid dissolves in alcohol in all proporiions, but is netuly 
nsoluble in ether. 


Dulcite. 

onn^40« 

LaurM. Cornet rend. 80,41; Oompt. chm. 1850, 864; Ann. Pham. 
70, 358; J. pr. Chem. 49, 403; Pharm. Centr. 1850, 217. — 'Compt. 
rend. 31, 094; Oompt. chm. 1851, 29 ; Ann, Pharm. 80, 345; /. pr 
Chen. 53, 170. ^ 

Jacquelaix. Coniin. rend. 31, 025; Oompt chin. 1851, 21; abstr. 
Ann. Pharm. 80, 345 ; J. pr. Chem. 51, 103. 

Uw/cMfi (Laurent) ; Dulcine (Jacquelain). Pound in tubors, of Unknown 
origin, whicb were sent in large quantity from AfadagiiBcar to Paris 
in 1848, and is extracted therefrom by boiling water. The a(|ueotiB 



DULCITE. 


385 


extract, on cooling', yields crystals of dulcito, while a colourless, nn- 
crystallisahlo syrup remains (Lauroiil). 

Properties, Colourless, highly lustrous prisms of tlie ohllcjuc 
prismatic system, Fig. 67 without if, but with m from Fig. GO. Khom- 
bic prism u having* its obtuse cdg*c perpendicularly truncated by m ; 
the ends accumiuatod by the octahedron a, and this truiicatcMl l)y the 
oblique basic face m front = 11:2° ; nin (sideways) = 68° ; 

u : m = 146° ; m :p = 113° 45' (calc.) ; u \p = 109° 30' (calc.) ; aip-==^ 
140° (obs.) ; a : n = 149° 30' (obs.) ; a” :p = 115° 48' (calculated from 
the preceding data), = 115° (obs.); aiti = 184° 42' (calc.) = 135° 30' 
(obs.) (Laurent). Melts at about 190° (Laurent) ; at 182° and soli- 
difies in the crystalline state at 181° (Jacquelain). Grates between 
the teeth. Inodorous, but has a rather sweet taste (Laurent). No 
rotatory power (Biot, Jacquelam). Neutral. Sublimes under the 
same circumstances as mannitc (Berthclot). (See Mdampyrlte in the 
Appendix.) 


12 C 

72 

... 39*56 . 

Laurent. 

earlier. 

... 38*14 

later, 
39-20 .. 

Jacqneliiin. 

39*69 

14 II 

14 

7*69 . 

... 7*66* 

7*61 .. 

7*70 

12 0 

9G .. 

.. 52*75 

... 54*20 

53*19 

52*61 

OTIuo>2.., 

. 182 . 

... 100*00 . 

... 100*00 

100*00 . 

100*00 


Laurent and Jaequelain. formerly gave other formuloe. Souheiran (CompL rend, 
30, 339) regarded dulcite as identical with mannitc, and Laurent then recognised its 
isomerism with mannite. 

Fecompodtions. 1. When heated obovo 100°, it gives off about 
9 per cent, of water; if the loss amounts to 10 per cent., the rcsidno 
becomes coloured and gives off empyreumatic products, l)ut if diSHolved 
in water, yields unaltered crystals of dulcite (Laui'cnt). Under these 
circumstances, dnicitan is doubtless formed,, and then reconverted into dulcite, as Bor- 
thelot {Chim, organ, 2, 209) also supposes." (Is this view supported by experiment?) 
Dulcite heated to 275° gives off carbonic oxide without mucii colour- 
ing; between 280° and 290°, it evolves huge quantities of gas siiKdl- 
ing of acetic acid and acetone (Jaecjuelain). Duleiie yitdds, by dry 
distillation, the same products as nmnuilc^, but do(^s not hmvti any 
carbonaceous residue (Laurent). — 2. ILiated in small (jnantiti(3H on 
platinum-foil, it appears to boil, givijjg off gas<‘H and vjqxmrs of dul- 
citc, which take fire and hivm comphdely navtiy (da,c(jn(hiln). — 3. Dry 
chlorine gas dotis not act on dulcib^ in. sunshine, (U'(‘n wlnm j)asscKl 
into its Bolution heated to 40°; hut whxm dilorimi gas is passcid 
dulcite iu tlio fused stat(b hydrogtm is abstraetesd ami hydroeldoric 
acid is formed, part of this acid remaining unihul with the uiidt^, com- 
posed portion of the dulciLi iu the form of a conjugated iund (Jacque- 
lain). When the product formed by chloriiu^ is dissolved in water, — 
whereupon loose brown flocks separate, — the solution filtered, the 
excess of chloi-ino expelled by boiling, the hydrochloric acid completely 
precipitated by an equivalent quantity of sul|)hate of silver, and the 
sulphuric acid by baryta- water, there remains a neutral liquid con- 
taining baryta and likewise hydrocldoric acid, prcci pi table by sulf ihurio 
acid and Bulphatc of silver. If this liipiid be again mixed with sul- 
phate of silver, chloride of silver is formed, together with a soluble 
silver-salt which, when evaporated in vacuo, remains behind as an 

VOL. XV. 2 0 
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uncrystallisaWe, sticky mass (Jacquelam). — 4. With hm iodide of phm- 
pJionis^ diilcite behaves like maniiitc (B(3rthclot;, Ohini. onjaiK 20<S).--™ 
5. mtrkaeM converts it into luucic acid (Launiiit). Dulcihs l>ni!ed with 
nitric acid according to Liebig’s method (se<i MdL>ioi(j(u\ p. 220), y i('ldH 
miicic, oxalic, and racemic acids. As long as tlie tornmtinn ol the 
latter acid goes on, the solntion contains a ^s^bstan(te which r(MliH‘os 
potassio-cupric tartrahi in the sanumiiaiunw as grape-sng.'U'. Whilst 
therefore milk-sugar, treated with nitricpu'hl, yiidds (<i('xl-ro-) la.rtari(3 
acid, dulcite, treated in like niauiier, yields (imuMfnM’;) ra(U',ini(’; athh 
(Oarlet, Coz/yjA 51, 187, and 58, 84-8). — (>. Ifroin tin; solnl/ion in 
fuming nitrie acid, dulcite is precL})ifcated by adding e// (>/’ e/Z/vh/, and 
pouring* in water, as hexnitrodulciie (Bechanq), Compt, rend, 51, 207). 
Water does not precipitate tlie nitric acid solution. 

7. Dulcite dissolves slowly and rvithout (jolouring in e/7 of ritriol 
and forms diihiisulphuric acid. The solution, if hoab^d abovt; 40'’ or 
50°, blackens and g*ives off carbonic and sulihnrous aei<Is (JacApudain). 
According to Berthclot, dnkato is not carbonised at 100°, (jitlun* by oil 
of vitriol or by fuming hifdrochloric avid. Oil of vitriol, dilnb'd with 
20pts. of water, likewise forms a small (piantity of (hdcisulpliuric. 
when heated to 100*^ for six hours, without alttning the rest of tlio 
dulcite. When the solution of dulcite in oil of vitriol is diluted with 
water, and neutralised with carbonate of baryta, a solution of duh;!- 
siilpliate of baryta is obtained, which, aftin* evaporat,ioti in vacuo, 
remains as a translucent, adhesive mass having a l)itt(3r and sliarp 
taste, soluble in dilute alcohol, less soluble in absolnte alcohol and 
insoluble in ether, not precipitable from its solutions by mpujous 
nitrate of lead or nitrate of silver. From its solution, mixed with basic 
acetate of lead, alcohol throws down dulcisulphato of load. 

8. Dulcite heated with acetic, hutyrlc, henzoio or stearic acid to 200®, 
or with tartaric acid to 100°, forms peculiar compounds called 
Dulcitanides, which resemble the mannitanides (p. 802) in all resi/ects, 
and like the latter, take up water and arc resolved into dulcitan and 
acid. (Berthelot, CompL rend. 41, 452.) 

9. Dulcite boiled with dilute polasMeg (or cmicontratcd, acxiording 
to Jacquelaiii) is dissolved, and crystallises urudtiu’cd on cooling. 
(Laiirent.) very strorig potasli-loy, at the boiling heat, forms, witfi 
dulcite a syrup which is not preoipitatcid by alcohol (Laurent). When 
dulcite, is fused with hydrate of poUcsk, or Buhjectisd to dry distillation 
with 2^otash4me, hydrogen is evolved, mixed with small quantities 
of ammonia (from the cyanogen in tbe potasU, Kr.) and marsh-gas; sotno 
times also an oil smelling like acetone passes over. In tlH 3 residue 
there remain carbonate of potash, a largo quantity of cLxaiato and a 
small quantity of butyrate, the latter recognisable by its odour after 
supersaturation with sulphuric acid (Jacqudlaiii). — 10. From potaHsio-^ 
cupric tartrate, dulcite does not precipitate cuprous oxide, even after 
boiling wdth acids (Berthelot). 

11. Dulcite does not ferment in contact with yeast. (Soiibeiran, 
J acquelain.) It undergoes the same decomposition as mannito (p. 805), 
into alcohol, lactic acid and butyric acid, when loft in contact for some 
weeks at 40° with cheese (or pancreas tissue) and chalh; like mannito 
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it also forms a peculiar sugar by contact witb testicular tissue (Ber- 
tliclot, iV. Ann, Chim, Phys, 50? 348 and 372), 

Comhimtlons, Dulcitc dissolves readily in watci\ and crystallises 
from tlio boiling saturated solution on cooling. — Aqueous dulcitc dis- 
solves Ume (Bortliclot). 

With Baryta, — Baryta-water is added to aqueous diilcito, and the 
solutiiou is concoutratod in a flask. On cooling, it deposits four-sided 
prisms, terminated by an acute ])yramid with rectangular base. Tliey 
rnustlx^ (piickly washed Avith aqueous alcohol. This compound gives off 
27*4 p- c. watcH- at 170° and contains 21)*7 p. c. barium, agreeing' with 
the formula (T'^ITO^'V2BaO + 14 aq. (calc. 27*33 p. c. 110 and 20*71 
Ba). (Laurent.) 

Dulcitc is not prcci};>itatcd by aqueouvS of lead, either neutral ov 
Imic (La,urent), by nitrate of siluer, or by terchloride of gold, and is not 
alhu'cd by (ilher of these reagents, oven at the boiling licat. (Jac- 
qtielain.) From its concentrated aqueous solution, it is precipitated by 
mmnonuwal sugar of lead (Bertbclot). 

Nearly insoluble in boiling alcohol (Laurent). 


Appendix to .Dulcite, 

Dulcitan, 

Btm'nrar.OT. CMnu organ, PariB, 1800, 2, 209. 

JMcimM, ' 

Obtained by licating dul<;ite for some time to near 200°, or by the 
decompoBitiou of dulcitanidcs, in the same manner as mannitau (p. 309) 
from rnannito and manrutanidos, and puriliiKl in the same manner as 
mannitatl. ' — > A viscid ayntp, probably dvilcitati, ig obtained by reducing hexnitro- 
and (madrinitrodulcite with ferrous salts (Bdehamp, d(mpi, rend, 51, 258 ). 

Bcarcnly Ihlid, neutral syru|>, wlu<!h volatilivsos perccjdJbly at 120”, 
and is partially c.onvcrtcul intf) dulcitc byprolorigcd contact vdth water, 
or by liciaiing* with haryta’Crystak and walor, 

Soluble in water and in absolute alcohol, but not in ether. 


Conjugated Compounds of Pukite. 

Butyro-dulcitan. 

c™n“o>‘ = o«ir<’o»,2C«E’o». 

Berthblot. CJdm. organ. 2, 210. 

Dulcite hutyrifiue, ButkrsS/ureiulciimcsier, — Obtained from butyric 

2 0 2 
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acid and diilcite at 120^ in the same mann<‘r aH {U‘cl ciiiannltjin (p, 37r>), 
from, and acetio acid, and punlanl like ihat (‘omiMnuK . 

ColonrloBR, inndoi'OUR, viscid oil which ta,si<‘S hitter and siIho like 
butyric acid, NcatraL — Decomfiosinl by ahvholk /uidivrfilanc nm^ 
into dukdtan and butyrate (if (dhyl. 

Sparingly solublo hi easily in alcohol and dhec. 


Dulcitartaric Acid. 

Qaeppoo^o = om^o^^2in\:Kn 

Beetiielot. JSf. Ann. GMm. Phi/s. 5-i, 77. 

Known only as a liino-saU, wh,i(;]i is jireparml in tln^ same man- 
ner as rnanni -tartrate of lime. This salt., after drying in vacuo, retains 
water of which 11*7 p. o. goes off at 110'^ (8 at by calculation 11 '8 p. c.). 


28 0 

at 110«, 
.... 168 

.. 31*23 .. 

Bcrthclot, 
31*6 

26 H 

.... 26 

„ 4*83 .. 

5-3 

36 0 

.... 288 .. 

.. 53-53 .. 

53-3 

2 CaO 

.... 56 .. 

.. 10-41 .. 

0-8 

C28Hi«Ca20'^,8H0 

.... 538 .. 

.. 100-00 .. 

100-0 


After drying in vacuo, it is therefore + IGHO. 


Benzo-dulcitan. 

G4op[2oou 0^^IP0«,2C''IB0l 
Bebthelot. Chim. organ. 2, 211. 

Dulcife henzolquCf Benzoedulcitmmier. — Obtain od from (lulcltc and bcu- 
zoic acid, like acetomannitan (p, 375), from inannite and aceti<i a<d(L 

Neutral resin, resembling turpentine ; decornposed by ahoholk %ifw- 
chhriG acid, with formation of benzoate of ethyl ; liy hgdrak of Ikm 
into benzoate of lime and a mixtiiro of dulcite and dulcitan, amounting 
to 47 per cent. 

Insoluble in water, easily soluble in etJm\ 


Quadrinitro-dulcite, 

oi2]S[4iiioo28 

Beciiamp. Cornet, rend. 51, 257; Zeitschr. Oh. Fharm.B, 657. 

Hexnitrodulcite is completely coiiyorted into this compound with- 
out alteration of crystalline form, by the spontaneous decomposition 
winch It nndergoes, with evolution of nitrous vaiiours, when kept for 
a month between 30° and 45°. 
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Needles harder and less flexible than those of hoxanitrodnlcite ; 
crystallises from alcohol, in beautiful iranshiccnt prisms. — Melts to a 
pasty mass at 130®, completely at 140°, and gives oil reel fumes at 
145". 

It is reduced by ferims salts and forms a non-cry stallisablo syrup, 
probably dulcitan. 


Hexnitro-dulcite. 

Bi^OTiAMr. Com§)t rend. 51, 257. 


X>ulcim trmitriqne = C^H’*0=h3N0'''’. (E6champ.) 

A solution of dnlcito in 5 pts. fuming; nitric acid is mixed with 
10 pts. oil of vitriol, and the mixture, whicli l)ecomos turbid, is imme- 
diately thrown into a largu <piantity of wat(‘r. The semifluid precipi- 
tate 8olidifl(‘.s slowl)^ to a buttery mass, which, aft('.r washing* with 
water, crystallisc's from alcohol in luicdU^s. 

Ihuuitifiil, colourless, ikixible needles, which melt between G8° 
and 72®. 

(Tivcs off nitric acid vapours contimumsly and is in the end 
wholly (sonvorted into (|uadriniti*o-drih‘Jto. — Wlien heated to 00°, it is 
Conv(n*i(Kl, with regular (‘mission of red vapours, into a pasty mass, 
and tlicn hito a Imrtl, fiiable, white, acid product. 


Bacchardidal Substance 

Melampyrite.* 

HuNEFFxn. Jfpr. Cheni. 7, 233 ; 0, 47 ; abstr. Berz. Jahresher, 17, 312. 
W. Eicnum. lleher dm Mdam;pyrin^M 1855; ixh^tw JAd), Kopp. 

Jidiresher. 1850, 005 ; .N. Jlqicrt 7, 250; Vhem, Ccuir. 1859, 522; 

Mvp. Ohm. pure, 2, 103- 

in tbe iKU’b of Mdmnpynm mnirrrosnvi (IltiiKifeld), 
also of Bcrophalaria nodosa and Jikmanthm Crkta Galli (Eichlor), 

Preparation. The decoction of the dried herb taken at the flower- 
ing time is mixed with milk of lime till it (ixh limits an alkaline reaction, 
tlicn hoiled up, filtered, concentrated to a small hulk, and acidulated 
with hydrochloric acid. On coolingand further crystallisation, melam- 
pyrito crystallises out, and may easily ho obtained pare by recrystal- 
lisation from water (Eichlor). — 2. The dried herb is boiled with water 

A paper by Dr. Gilmer, showing that Melawpyrite is identical witli Dulcite 
(p. S84) has Just appeared {Ann> Pharm. Sept., 1862), — too late for insertion in the 
text. The results will be given in the Appendix to this volnrae. 
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Gontaininp^ hyclrocMonc acid, the decoction Ib Htrained, inixc'd witli milk 
of lime till it cxliilvitH a Blig-lit alkaline reliction, Uien (^rnKUMitratml, 

' — wlicrcti])on it deposits Bnccinate of liiue,-— jand tlie liine-e-ompound oi 
laclaiTipyritG, wldcli passes into the filliratn, is d(H?ompos(al with hydro** 
cliloric acid ; it then deposits cayslals, whkih may ht^ piirilii‘d hy r^^» 

crystallisatkni (BlichknO.— Huneh^ltl evai)oi“alns lln^ iksmelion Im a 

syrup, and leaves the Tnehmipyritc to (aystallisi^ out; removes trom the 
mother-liquors the sul)stau(!es pnuapitahk^ by mmiraJ and hasie, avelido 
of lead, and the excess of k‘ad by liydrosulphuric a,ei<l, ami a,g‘ahi 
evaporates. Eichler, instead of pvoci Hiding- in this uuinmn*, pnaapit at eH 
the decoction with neutral acetate of lea,(l, l>oils the tllinitv. with haid- 
oxide, removes' dissolved lead by hydrosulphuric acid, ami (aaipo rates. 

JProj^erties. Colourless, transparesut i>risius, gem^rally nnitod. itd/> 
crusts. Less sweet than inilk-sugar. Sp.gr. i'4dt) at Ifth Alelts 
at 186°, without loss of weight, to a chnir li<pii(l, which, on cooling, 
solidifies to a crystalline mass, Avith caulillower*iikc excresccaujoH. 
Neutral. , Destitute of rotatory power (Michka*). 





EickUw. 


at 100° or melted. 



12 C 

72 

37*70 

37*79 

15 H 

15 

7-8.5 

7*8,3 

13 0 

104 

54-45 

54 -OB 






191 

100-00 .... 

100*00 


Decompositiojis. 1. Fused rnclampyrite l)ocom(3B slightly lirowti 
when heated to 180°, but still solidifies in the crystaUhie form on cool-' 
ing, the loss of Avcight amounting to about 1 per cent. — 2. Heated 
on platinum-foil, it emits a faint odour of caramel, takes fire and burns 
with a white fiarne. — 3. Tt dissolves in oil of vitriol, forming melam- 
pyro-siilpliuric acid, the solution turning bnJwii when heated.. — 4. It 
dissolves easily in warm 7iitnc add of sp. gr. 1 *32 and crystallises on 
cooling apparently without alteration. On lieaiing the soliitioii, nitj’ous 
fumes are given off, and mncic and oxalic acids are formcHl, — The 
solution of melampyrite in cold mtro-mdphiwio <m(l yiedds, on ahlditioii 
of water, an oil which dissolves iu alcohol a, ml etlun', leaving a ‘white 
powder. The latter is obtained almost alone by the action of only 
6 pts. nitrosnlplmric acid continued for one day, whereas from 10 to 
15 pts. acid acting for 2 or 3 days at 20°— 25^ forma (dvkvfly the pro- 
duct soluble in etlicr, which, however, is itself a mixture of a (uystid- 
lisable and an oily nitro-compouud. From fhe pulveriiknit nilTo-eom- 
pound insoluble in ether, nielampyrite-ammonia is formed by the ind.ion 
of sulphide of ammonium (Eichler). 

Melampyrite is not decomposed by boiling wltli. dilutee acjids or 
alkalis, or by potassio-cupric tartrate. It is not altered by Imadhig 
with dilute sulphuric acid and bichromate of potaeli, and when mixed 
with potash-ley, does not reduce mercuric oxide. It docs not ferment 
AAith yeast. (Eichler.) 

Comhinations, Melampyrite dissolves' in 25’5 pts. of water at 15®*, 
easily in boiling' water. 

Melampyrite combines with hme$. The compounds with the alkalis 
and alkaline earths arc soluble iu water, those with load-oxido and 
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ciipric_ oxide arc iasoliiblo. Aquooas mclampyrite does not precipitate 
metallic salts. (Kiclilcr.) 

With Ammoma, — Mclampyrite crystallises, unaltered, from hot 
a(iticons ammonia, or after Ixdng heated %vith it to 120° ; hnt -wlicn 
nitronH'lampyrito (p. 300) is d(‘Com})osed by sulphide of ainmoninm, or 
when tin', ba,ryta-- or lime-compound of mclampyrite is decomposed by 
carboiia.i.(i of a.inmonii>,, the conc<5utratcd filtrate yields trans])arcnt, 
colourI(;ss right prisms, which have an alkaline reaction, do not give off 
ammonia at lOO"^’, but become carbonised at higdicr temperatures, with 
loss of a.mmonia and without previous fusion, and arc decomposed by 
acids into mclampyrite and an ammonia-salt. These crystals are 
easily soluble in water. (Eicliler.) 

l\}tuHh-‘mnp(yun<L ^ — Warm alcoholic potash dissolves mclampyrite, 
and the solution, wlieu left to itself, deposits needles, which, having a 
caustic alkaline taste, arc easily soluble in water, absorb water and 
<)arboni(i acid from the air, and are converted into a mixture of mclam- 
pyritc and (‘nrbonatc of potash. (Eicliler.) 

Bodti-CAnnponnd. — Small flat needles, resembling the potash-com- 
pound, but less solulle in alcohol. 

lUtrpUi-vjympoHnd. — When melampyrite is licatod with water and 
barytUi-inysials, a elea,r solui.ion is formed, wliicli, on cooling, dc])Osits 
six-Hid(Hl prisms. Easily soluhhs in warm water, l(^ss seluhle in alcohol, 
which, howev(U’, do(‘s not precipitate the a<picous solution. Gives off 
2G’73 p. c. water at 120°. (Eichlcr.) 

Eicliler. 

19P0 .... 40*04 

2 BaO 153*2 .... 32*58 32*05 

14 UO 126*0 .... 26*78 26*73 

Ci«TEH)ib2BaO + 14aq 470*2 .... 100*00 

•Aqueous melampyrite dissolves Melampyrite docs not com- 

bine with mmjnma. 

Tm(hconipound. Kx\ aqueous solution of m(dam})yritc is not 
|)recipitated by a(xd;ato of lead, cither neutral or liasic. Prom an 
ammoniacal solution of tlui lumtral acetate, a(|ucous melampyrito 
throws down a white ])rccii,ni;.a,te, which, after drying at 1()()° in a 
Hti’cam of hydrogiui, (‘ontains 77*f)8 p. c, leml-oxide, corresponding to 
the l\):n)iula*(J*''^rP®U^V)LT>0, which requires 77*84 p. c. PbO, (Eichlcr.) 

---Medan ipyrii^^ boil<Ml with cupric sulphate and 
potash yields a cjleai* blue s<,>lviiio'n. — From acpieous molanipyiitc an 
ammoniacol solution of cupric snlpbate throws down a light bfuo pre- 
cipitate, which after washing with weak aqueous ammonia, turns 
green at 1()(.)°, and cemtnins 55*25 p. c. cupric oxide, agreeing thore- 
forii with the formula GO uO, which requires 55*49 p. c. OuO. 

(Eicliler.) 

Mohwnpyrite dissolves in 1362 pts. alcohol of sp. gr. 0*835. From 
the solution in boiling alcohol, a^few transparent crystals separate on 
cooling. It is slightly soluble in acetone^ wood-spirit^ chlorofonn^ and 
acetate of ethyls insoluble in ether, henzene, oil of twpmtim, and roch-oil 
(Eichlcr:) 
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Conjugated Compounds of 3/eMiiupfjn(c. 

Melampyro-sulphiiric Acid, 


Eiciieek, loo. cit. 

The solution of melampyriDi i,n oil of vitriol, <]ilui(H] wilh wsMer, 
saturated with cavhonate of loaid, liltonMl i rom siilphjiU^ ot load iuid (1(5- 
composed hy hydrosTdphnric acid, then (ilDax^d from ilu^ sJilpliahud 
load and evaporatcid, yields melaiapyro-siilplmru*. acad, hi the lorni ot a* 
syrip), which has a Faint yellow colour, a. sour aanl hiltt'r taste, aaid 
carboiiiscs when lioated, evolving* snlphnrous a^ohl. 

3fdaii)p}jromIpliat(U)f .Han/Uc. — Obtained by dissolving' nn'hunpyriio! 
in oil of vitriol, diluting* with water, mnitralising with (airbonaix; of 
baryta, and evaporating tlie iiltratx^ a.t Ji very g('nih^ heat. — In the 
moist state it is a mass having the consisttme-e of turpentine; aj'ier 
drying* in vacuo it forins a transparent gum whic.h disHolv(*s rtuulily in 
water and is precipitated by alcohol. l)cconiposc?H at lOif. 

Eichler. 

164*0 .... 25*88 

5 BaO 229*8 .... 56*26 56*45 

6 SOS 240*0 .... 57*8(> 37*79 

Ci2Hi2Ba:50i3,6SOh 633*8 ' lOW ^ 

The lime-salt rcsomblos the baryta-salt, but is not prcci[)ifcate(l liy 
alcohol from the aqueous solution. It docs not pixicipitato either hmic 
acetate of lead, memiroiis nitrate, or iviiraie of silver. (Kichlcr.) 


Appendix to the Carho-hgdrates. 

Pectin. 

(jMXpOOA^ 

Vatjquelin. Ann. Ohm. I), 100; G, 282. — Ann. Chlm. Ihys. 41, 40. 
Payen, /. Fhann. It), 390, 

Braconnot. Ann. Chim. Phjs. 28, 173; 30, 9G; ^chw. 44, 141; 

45, 400; N. Tr. 11, 1, 50; 13, 1, 12G; J. Chlm. mid. 1, 509 ; 
15, IGO.— . 2 l,m CUni. P/yys\ 47, 200; M.Tr. 25, 2, 107.— ylm 
Clmi. Ph/s. 72, 433. 

Guiiiouirr. X Ohm. mid. 1, 27; Scliw. 44, 13G; abstr.Jl/u//, Plumn. 11,41. 
Mlilper. Pe//r/.44, 432 ; J. pr. Ghent. 14, 277. pr. Uhem. 10, 240. 
Eremy. j. Pharm. 20, 368; .4'////?.. Phann. 35, 312; ./. pr. Gliein. 21, 1. 
— iV: Jinn. dim. Phys. 24, 9 ; Ann. Pharni. G7, 257 ; J. pr. Clmt. 45, 
389; P]*eliminary notice, Compt. rend. 24, 1040; 'N. J. Pharm. 
12, 13. 

SouBEiRAK. KJ. Pharm. 11, 417: J. pr. Chem. 41, 309; Pham, 
Gentr. 184, 513. 

PotBTAREDE & FiGuiER. Gomgn. rend. 23, 918; K J. Pharm,. 11, 458. 
— Gompt. rend. 25, 17; iV'. J. Phamn. 12, 81 j Ann.Pktrm. 64, 387; 
/. pr. Ghem. 42, 25. ■ 
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CnoBNEW. Ann. Pharm. 61, 35G. 

Fk. John. JV. Br, Arch. 45, 24, and 120. 

VcgdaUe jdhj) GeUe vdjfitale, Grosmdimy PJlanzengalhrte. 

Vjwciueliu showed, in 1790, that the expressed juice of tiiraarinds and other fruits 
solidifies, when left at rest, to a transparent jelly, which may be purified by draining 
off the juice and washing. This jelly, which was then likewise separated by Vauquelin, 
Bostock, and John from other fruits, is sparingly soluble in cold water, easily in hot 
water, and in alkalis, and may, therefore, be regarded as pectosic acid. Braconnot, in 
1824, by (^xhansting plants with alkalis and precipitating the extract with acids, obtained 
pectio acid (or pectosic acid) ; respecting which he showed, in 1832, that it does not 
constantly occur rea<ly formed, and not in all fruits, being more frequently produced 
by the action of alkalis on pectin. Since that time the most exact experiments on 
pectous substances have been made by Premy. — The statements of Chodnew and of 
Poumarbdc & Figuicr cannot with certainty be applied to either of Preray’s pectous 
substances in particular. Choduew's pectin is most nearly related to Fremy’s para- 
pectin I his pectous and hyperpectic acids do not agree exactly with either of Fremy’s 
pectous substances. — According to Mulder, pectin and pectic acid are distinguished 
from one another by the different quantities of inorganic matter which are united in 
them with the organic substance. The former may be regarded as a neutral, the latter 
as an acid salt, 

Occurrence -and Formatum, Many friiitB in the tmripc state, 
lloRhy roots and oilun,' parts oF plants (vUl. inf.) contain a snhstanco 
insolnbh) in wahu’, atc.ohol, and ether : Ph'oiny’s pectese, ■which, 
duriiijL*- the ri[)(^nin^* of the fniii or hy boiling with water, acids, or 
alkalis, yields thci several peudous siibsliUKu^s. OF the latter, piictin, 
])arap{'.etiii (and |Kirhaps pec'.tie a(ud) are Found in the ripe fruit, while 
the over-rip(^ Fruit (ioniains salts oF nudapcHdie acid. 

reetous sn1)sta,ii(H^s oeenr in bunons, oranges, currants, gooso- 
])(n:ri{^H, bilh('rri(^s, a,nd the Fruit oF ^olannrn lyco'pmkon (Vauquelin, 
Bosioeh, John); in apples, pears, plums, and aprierds, in the cuoum- 
Iku’ and the Fruits oF oilusr encurbiiaceous plants ( Braconnot), in the 
tubm’S oF Tkihlh pmuita, Ildiantlim tnherosus, and tlio bulbs of Allkm 
Oepa; in tlu^ roots o! Bcorzouera hkpcmica, Apium graveolens, Fmciis 
Curota., Jhms'im JSfaptm, Pmmia oJicmaUs, Pklomis tuherosa, Pumex 
Pat.mti(i, /Spiraea JUipeMMa Gentiana hit.ea (Denis, J. Pharm. 

22, JO'l); in the root-bark of Aylanthm glamMma (Paycn), in the 
stalks and leaves of herbaceous pla.nts, in inaplc-wood, in the inner 
bark of all trei.^R, in tins Hee<ls, and, gfuierally in every plant (Bracon- 
not), Tile fruit of Arhutm^ Uneda contains parapectin (Filhol, Compt 
rend, 60, 1186). Oineliona-bai’ks contain pectin, according’ to Volt- 
mairn {Hekuh 64, 388), a.nd lieicliel {IJ eher (Jhlnunndm n. deren chem, 
Leipzig, 1850) ; according to Keichhardt (,V". 74r. 92, 

12), tln^y do not. 

€(dt,um vvigam and Frim herhacea contain a pectous substance j 
Ledmn paluntre. aniixtare of pectin anti parapectin (Hocldoder, 

Wien. Akad. Per. 9, 312). (OnjclUos from pine needles, pine-bark, and Thuja 
ocmdeniaiia sco voi. xiii, jip. 239, 240, the jellies from yedlow pods and the fruit of 
Byriwja arc described in this Appendid)^ — A jelly from Fucus cfkpus was 
examined by Mulder (/, pm. Chem. 16, 293) and Jlerbcrger (Jlep&rt. 49, 
348) ; another from Ifucm amylacms by Uicgel {Jalirh. pr. Pharm. 6, 8), 
from Ilvmlmia tuhukm by Braconnot {Ann. Ghim. Phys. 70, 200). 

The existence of pctjtosc in plants is demonstrated by the follow- 
ing observations - 

Pectin is precipitated by alcohol from the juice of ripe, but not of 
unripe fruits. When tbo pulp of unripe fruits is washed with water 
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as long as the water runs ofi acid, and the residual mass is boiled 
with water, no pectin, passes into the solution, hut boiled uin-ipo fruits, 

or the solations obtained by boilinp;* nnwaslied fniit“pul[) with dilute 
acids, or acid fruit- juice, arc rich in pectin (Fr(uny). 

When fruit-puip or roots arc uuKJcridud for mvorM days with 
strong hydrochloric acid, the solution cxmiaiim only t null's ol |uH’tin, 
but if they arc boiled for some muiiitcs with ^slightly achl water, the 
pectin jiasses into solution. In this ease, insrihihh^ (Xinipoimds of 
pectin, if sucli had existed in the fruit-pulp, must Inua* Lkhui decom- 
posed without the aid of heat (Fremy). 

During the ripening of fruits, the cellular tissue, which is at; first 
thick and formed of several supcu'poscd memhranes, bcKumu's tliinner, 
and is converted into soluble products, at tlu'. sjunc tiim^ (hat the 
incru sting layers of pectosc dissolve iu tlie form ot pecliii. ii a thini 
slice of the fruit ho jilaced under the Tuicros(X)p('. in (xmiaxdr with 
aqueous cnjuaininonia for some hours, the woody iihre dissolva^H, the 
insoluble residue still cxliibits the form of the cells, and, is foninui of 
green cupric pcctato, which is decolorised by a-cids, with siqiarat ion of 
poetic acid. In this case, the poetic acid is foniKul From pectusin, 
•whereas the same substance, wiien tixnatedwith dilute*, acids, disHolvcB 
as pectin, and ■when boiled with milk of lime, as motapectic acid 
(Fremy). 

The observations of Soubciran and Ohodnew (vid, i«f.) do not quite 
agree with those of Fremy. AVhcu peeled <|uiuces, not pcrfe<;tly ripe, 
are rubbed to a pulp, the juice liltered off, boileil up, filtcu’cil ag'ain, 
cooled, and mixed with a largo quantity of alcohol, only a very small 
quantity of jelly is produced. If the remaining Bulistanco bo washed, 
and, while still acid, boiled for some minutes •vdth water, and finally 
again with hydrochloric acid, a jelly is again obtained. Perfectly ripe 
quinces yield but a small quantity of j(dly when their juice is preci- 
pitated with alcohol, but a largo quantity when the entire fruit is 
boiled with water. The jelly, after being waslied wdtb alcohol, dis- 
solves but partially in water, a jiortion .m^t dissolving till it has again 
been boiled with acidulated water. From tlie juice of other fruits, 
also, alcohol precipitates pectous substances only partly soluble in 
water (Soubeiran). Sce also other experiments of the same kind l>y Soubciran 
{N. /. Pharm. 11, 418 and 12, 420). 

^ Ohodnew obtains from waslied roots or unripe fruits, by boiling 
with hydrocMoric acid, not pectin, hut the subHt.aiKx^ wlncfli In^ (Xilln 
pectom acid (p. BOCJ), afterwaixis from the substances thus tixlmnsUHl 
with acids, hyperpectic acid may bo extracted by boiling with potash- 
ley (not with ammonia). ^ Ho regards both these bodies, pectous acid 
0’®I1®*0^®‘, and hyperpectic acid as existing nnwly-roruKHl In 

the fleshy part of the fruit and in the root, and as capabks of yudding 
peotic acid, when these substances arc boiled witliout luwing iHicn 
previously exhausted with acid, according to the equation 
-f =: But, since liis pectous acid is converted 

into poetic acid by solution in potash-ley and precipitation with 
acids, a change which appeal’s to take place without evahition of 
hydrogen or absorption of oxygon, the two acids cannot stand to one 
another in the relation indicated by the formuhe above given. Pectous 
acid, according to Ohodnew, occurs in turnips in combination with Mmc, 
and may be extracted by boiling water after the lime has been re- 
moved by cold hydrochloric acid. 
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rreparation. The expressed and filtered juice of very ripe pears is 
treated with oxalic acid to precipitate the dissolved lime, and with. 
ta;nnic acid to precipitate albnmiti, and the filtrate is mixed with alcohol 
whieh^ prccipitati^.s pectin in long threads. These are purified by wash- 
ing witli alcohol, repeated solution in cold water, and precipitation with 
ahjohol, till mathcr sugar nor an orgaTiic acid can bo detected in the 
solution (l'''r(any). pure poctin leaves no residue when it is treated with exeeas of 
baryta- water, and tlic solution filtered from the pectate of baryta is evaporated (Frcmy.) 

Bra,conuot boils the recently expressed juice of ripe apples for a 
wbib^^ tocoa,guhiio the allmiuin, precipitates the filtrate with alcohol, and 
purifies it hy ixipt'.ated solution in Avater and precipitation with alcohol. 

(hiibonrt lea,v(‘s curraiit-jiiicc to ferment slightly and solidify to a 
jc^lly, tind boils the jidly with alcohol. The product thus obtained is 
probably jiectosic acid (Kr.). 

Poumarede k Figuier leave comminuted gentian roots to soften in 
warm water, wash them thoroughly with water and very dilute acetic 
acid, and digosttlio roots thus prepared with very dilute acetic acid at 
80*^'— 90” for half or three-quarters of an hour, and precipitate the 
solution with alcoliol of 3C”. The precipitated pectin, purified hy 
pressure, repiaited solution, and [irociiiitatioii and washing with alcohol 
and eiher, is a, neutnd, liglit, fibrous substance yielding from 8 to 9 
p. c. ash and (M)nf,a,iuiiig at 120”, on the average, p. c. carbon, 

5*07 hydrogiui, ami 5(T9r) oxygim ; according to Ponmaredo ^F^iguior, 
it is isonKuh^ with c<'lliilose. It is not hlacloaied by oil of vitriol, it is 
convertcid into ]>yroxylin by nitrosulphuric. acid, (uid it kmIuccs ferric 
salts. From its acjueous sohition it is ])r(‘cipitated by concentrated 
a(puH>nH alkalis and by many siilts. After its aqueous solution has 
Ixam t-r(aU,nd with very diluUi pot.asb, it is not preciivitatod by acids as 
pe(*.tic. acid, but may bti r(H*,overcd with all its properties by addition 
of alcclioh Tlu) transformation of pectin itito pectio acid does not 
take place till the mimu-al BubstancoB contained in the fo.rmer have 
undergone a transformation [of what bind? Kr.].— From carrots Pon- 
inarede & Figuior obtain a pectin [different from the former .?] by washing 
th(^ ro()t*pul|) witli water and dilute acetic acid, then boiling it with 
dilate carbonate of soda, neutralising with hydrochloric acid, and pre- 
cipitating with alcohol This pectin likewise dissolvcis in Avator, and 
contairm, at 120®, 43*33|,). c. carbon, b-OO bydrogen, and 51*01 oxygen. 

Miilder precipitatc^s tlie expressed and filtered juice of apfdcB with 
ftl(j{)hol and boils the priMUiiitato Avith alcohol to remove sugar, malic 
acid and taimin. Sn<.h [xahin from sweet ap})leH, art(U' deduction of 
5*9 p* c, asb, contains *hP59 p. c. carbon, 5*35 liydrogen and 50*06 
oxyg(ui; from sour apples, afhn* deduction of 9*3 p. c. ash, 45'23 0., 
5*47 IL, and 49*30 0. It is precipitated on agitating its aqueous solu- 
ti()u with hydratcKl hiad-oxide, also by basic acetate of lead. The 
latter ])recipitat(i contains r)fk()2 p. c. lead-oxide, and after deduction 
of this, 45*00 p. c. 0., »5*37 IL, and 42*53 0. (What becomes of the 
ash? Kr.). 

Ob odnew obtains a. By boiling crushed pears with water, 

|)rccipitating thcj filtered juice with alcohol, and washing with alcohol 
and other, Avhorcby it becomos opaque, and acquires the texture of 
woody fibre, yields after drying at 115”, 8*63 p. c. ash, and after 
deduction of this, 46*04 p. c. C., 5*50 IL, and 48*46 0. This pectin is 
not ])recipitatcd by chloride of barium, but it is precipitated by neutral 
acetate of lead and sulphate of copper, and therefore agrees with 
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Premy’s parapcctin (p. 399). — ?). Or lie obtaiim it hj boiling iho 
expressed juice of bruised apples, precipitating witli alc-obol, redis- 
solving in water, mixing the solution witli liydrochloric acid, aud pre- 
cipitating with alcohol. It contains 1*0 p. c. ash, and a,rier (kalnei.ion 
of this, 43*75 p. c. 0., 5*52 IL, and 50*73 0. This p(Hdhi vommhhH 
that obtained by a, but has a slight a(‘/id reaction and Honudinu^H 
reduces an alkaline solution of cu[)ric oxide. Its lcad-coni|)ounds <M)n- 
tain 23 and 33*45 p. c. PbO. Pectin, pi'cpared from jHairs, aru^ord- 
ing to 5, contains 1*23 p. c. ash and 43*79 p. c. 0., 5*84 IL and, 
50*37 0. Ohodnew gives the formula 

Chodnew’s add is obtained from the washed jmlp of tnrnipB 

or apples, by boiling with liydrochloric acid and precipitating with 
alcohol, after which it is washed witli alcohol and (dher, prc^sscul and 
dried at 120°. Nou-friahle mass, resembling wood^^ sligh tly acid, 
and soluble in water even afka* drying. (Jontains O-SP) p. c. ash, aiul on 
theaverage 43*1G p. c. 0., 5*()0Jl. and51*24 0. ; aceordiiigto (Hmdiu'.w 
^ (jsdfpiQss^ It is conv(,‘rted into i)e(;tic a.c.id by sola don in |)(dash- 
Icy and precipitation with hydrochloric a, eld, piacipilaicd. from the 
aqueous solution as a jelly by excess of pota.sh-l(5y or rmuvwnla'r, but 
not by chloride of potassium. If the solution hu.s hciui la'cvionsly 
mixed with ammonia, chloride of potassium throws down a jt41y 
soluble in hydrochloric acid. From aqueous poctous a<ud, mnitral 
acetate of load precipitates a jelly soluble in acetic aevid, and when 
dried at 120°, containing 34*02 p. c. 0., 4*22 IL, 39*(53 0. and 22*13 
PbO. (C^^H^W^PbO, according to Ohodnew). A mixture of a(} neons 
pectous acid and nitrate of silver becomes viscid after a while, accpiircB 
a faint dark red colour, becoming dark brown-red after addition of a 
little ammonia and heating ; alcohol throws down from thes sjune stdu- 
tion a jelly, which becomes reddish at 100°, and contains 33*02 p. c. 
C., 4*12 IL, 39*05 0. and 23*21 AgO. (OTPW^,AgO., according to 
Chodnew). Ohodnew thinks it probable that this pectous acid is 
identical with pectin. On Chodnew’s Hyperpectic acid, see Peotic acid* 

, Properties, White amorphous mass, obtained by evaporation of its 
aqueous solution, in transparent lamimie (Braconuol;), and by luxKdpita,- 
tion of its concentrated solution, in threads, from its dilnfe solnt;ion, in 
the form of a jelly. Neutral. Tasteless, DeBtikitc of rotatory |)ow(ir. 
(Fremy.) 





Fremy. 

Calculation 

according to Fromy. 

mean. 

64 C 

384 ... 

40*67 

39*02 

48 H 

48 

6*08 .... 

5*50 

64 O 

. 



K.Uf.Q. 



044 

100*00 ... 

100*00 


After deduction of about 1 p. c. ash* — Numbers different from those in Fremy 
analyses were obtained by Mulder, Chodnew, and Poumarfedc & Fi^^uier, who have also 
proposed other formula (see above). Gerhardt Ghim. 1S40, 62) mw the 

formula Berzelius {Jakreelter. 24, 373) gave ; Gmelin 

(;j24uiao24. ^ If these formulae were adopted, those of all the other pectous subatancee 
would require alteration. Freray's formulae for the whole of the pectous substances arc 
also considered doubtful by many chemists. 

^ Dmmositions. When pectin (or one of tho other pectous anb- 

stances) is heated to 200 , carbonic acid and water are evolved) and 
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black pyropcctic acid is formed. Tliis acid contains 51*32 p. c. 0., 
5*33 IL, and 43*35 0., corresponding to tlio formula (calc. 

50-90 C.,5**I6 1[. and 43*58 0) ; it is insoluble in water, but dissolves witli 
brown colour in sKpicous alkalis (Ik'omy). — rectin wben burnt, smells 
like buraitig tartaa’ic add (Ikemy). — Pectin boiled with nitric acid, is 
very (easily e()nv(ir(.(Ml into saccharic acid, and by longer boiling, into 
mn(ii(‘, acid (lj''r(nny). It do(*,s not become coloured witli nitric acid, 
yielding mneic a(*bl, but no sugar. (Ohoduew). The Bolution of 
})0(4in. in strong nitric aeid deposits poetic acid on addition of water 
(Brae/ninot, d wa. Cbm. Phf/s. 52, 294). 

linden* the inllnence of ivater, acids or alkalis, pectin suffers trans- 
formiitions, taking n[) or giving off water, or merely siifforiug molecular 
aUvralion, and producing other pectons bodies, those which arc lirst 
produced frequently undergoing further alteration hy the action of the 
reagent employed. Several of these pectons substances may bo 
obtained directly from jiectoso. 

The Bubstjuico (nillcd pcctase, which occurs together with pectose 
in fniits and roots, acts on pectin as a ferment, somewhat in the same 
manner as einulsin and diastase act on other bodies. It is ]>recipitatcd 
liy aI(M)liol from the juice of carrots and turnips, and thereby loses its 
Bolnliility in wa.ter. Unbqie apples and otlun* fruits contain it in the 
ins( ihihle stabn It- is reinh.u’ed inactive by putrefaction or by prolonged 
boiling with, water (Fremy). 

General view of the transformation's of Pectin and the mutual relations oj 
Pccto us sichstan ccs. 

1. Pcctme lioated with dilute ac/uls is converted into pectin, which 
by longer boiling is transformed into metapeetk; acid. 

2. By boiling witli milk of lime, it is converted into rnctapoctio acid. 
Probably pticiic acid is foruied in the first instance* 

3. Pectin, when its acpicoxis solntion is loft to itsolf, changes into 
mctapoctic acid. If pectose is likewise present, the change takes 
placo' more (inickly, pecfcosic, pe<;tic and m<3tapectic acid being succes- 
sively prodiiood- — V y hen pectin is boiled with water, parapcctin is 
produced. 

4. Pectin boiled with strong acids, is converted into motapectic 
acid. 

5. By cold dilute aqueous alkalis, it is (sonverted into pcctosic acid, 
which quickly uTuliirgoes furthcjr transformation into poetic acid, or by 
boiling with strong alkalis into motapectic acid. 

6. Parapedin boiled with dilute acids is converted into motapoctin ; 
aqueous alkalis convert it into a pcctatc. 

7. Metapeotin is converted by alkalis into salts of peotic acid. 

8. Fectosic acid is converted into pcctic acid by boiling with water, 
cither pure or alkaline, or by contact with^ pectaso. — When boiled 
with aqueous alkalis, it forms metapectic acid. 

9. Pectic acid is converted, by long contact with water in the cold, 
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more quickly at the boiling’ heat, into parapoctio anJd, ihoti I urtluo* 
into mctapcctic acid. Boiling’ with aendo or alkaliH liionviHo coiivcrtK 
it into mctapcctic acid, 

10. Pampedlo (ml \\\ coiita('d wiih water, in «(uickly c-onvoried into 
metapectric acid. 

11, ]\reU(.p(HPc (ml bo couv<irt(‘d into any otiuir HubHianco 

of the pectin, gi’cnp, 

Note to A recently prepared mpiccmH Hohiiiou of p(Md;in iw md; 
precipitated by innitral a(;<d,a.te of h.'ad, hut be(‘,om(‘H pn'cipilahle 
thereby after Btanding’ for Bev<n’a,l dayn. Tlnv pnafipitaics at lirnt pro- 
duced contains 15’{)7 p. c. hnid-oxiih; ; if i,he, Banns p<H.;titi he boiknl or 
left for aoine time in contact with wjtt.csr, precipi(n.t(‘H arts formed e.on- 
taining 10’54 and 2d*G p, c., and Htndly, after very long boiling', 
40*42 p. c. l()ad-oxi<l(s. 

Wliou aqneouH pcebin at 80" in mix(sd, with p(M'.tjnu», (he. «t*lntioii 
bccomcB g'olatiuonH afbsr a whihs, from wquiradion of pectowic acid. 
This transformation is likewise produced by insohilslis pecinse (vid. hu{k), 
and takes place oven in close vessels ami wi tin nit evoUitiori of gas. Odus 
juice of carrots and mangold- wnrz;el britigs ahont the sann? ihasompo- 
sition of peotlu-solution, probably bccauHo it cont,ains soluWc pticdase ; 
on tbo other hand, the jnico of niTripo apples and ollu^r tniripe fniitM 
does not act upon pectin, whorcas the Ih^shy part of fi’niis (joniatning 
insoluble pectase does exert an action ni)oii it By farther alteration 
the pectosio acid is finally converted into mctapcctic acid, unmixcil 
with any other product. 

The jelly into which the juice of dried fruits scjlidifies, dissolves 
for the most part in boiling water, and then consists of pectin and 
pectosic acid, formed by the successive transformation of the p(ud:os«j 
(under the influence of acids and pectase). If however ihcj frails 
are rapidly heated, the pectase may become inactive^ Ixd'ore it ha,s 
effected the transformation of the pectin. Other j’ellies are formed by 
the solution of pectic acid in the salts of organic acids. 

Note to 4. No sugar is formed by boiling peedin with dilute acids, 
even for several hours (Premy).— Pectiti, boiled with a small (|uantity 
of hydrochloric or dilute sulphuric} acid, IxKiomes rose-rod, and on adding 
alcohol to the solution, nothing is separated btit a few lloeks whicdi 
settle down on standing. The solution contains sugar and a soliibU} 
baryta-salt, perhaps of malic acid, (Ohodnew.) 

Note to 5. Even the smallest quantity of fi.xcd alkali (ionvoriB 
pectin into poetic acid, and larger quantities separate a basic,; p(Xitat;e* 
(Braconnot.) Oqld aqueous ammonia, potasli, or soda, or a (sold solu- 
tion of an alkaline carbonate, first produces pcctosb acid, (Prerny.) 
Pectin boiled with the carbonates of the alkaline carl;hs, dcicornposeB 
them and forms soluble compounds, from which the ])(;ctin may be 
recovered. With excess of lime-water, it forms insoluble peotate of 
lime, ^ M organic substance passing into tbc solution. By excess of 
alkali it is instantly converted into poetic acid, which may bo precipi- 
tated by acids, but when thus obtained is very easily transformed 
into metapectic acid. (Fremy.) If a cold aqueous solution of pectin 
(or pectouB acid) be mixed with a small quantity of potash-ley, acids 
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precipitate from it a jelly, which, after washing with dilutc^^hyclrochlorio 
acid aud.^ alcohol, and drying at 12J0°, dissolves readily in water, and is 
not precipitated by acids, and therefore docs not consist of pcctic acid. 
This jelly yields a load-salt containing 28*2 p. c. lojid-oxidc. (Cliodnew.) 

A boiling aqueous solution of pectin mixed with excess of potash- 
ley, frc^ijuenily gives no precipitate with acids, bccaiiso the pcctic acid 
formed in the lirst instance lias been already converted into mctapcctic 
acid. 


Conihmation.!^, Pectin dissolves readily in tuate7\ The solution is 
gummy and very viscid, but if free from albumiiioiis substances, does 
not solidify to a jelly. (Fremy.) 

Pwiin unites with the alkaline earths (p. 398). — It is precipitated 
from its a(jueous solution hjbmc acetate of lead, but not by the neutral 
acetate. (Fremy.) The lead-compouad formerly described by Fremy appears to 
have contained parapectin. 

Alcohol added fco a concentrated aqueous solution of pectin, throws 
down threads ; from a dilute solution it separates a transparent jelly. 
(Fremy.) Pectin is not precipitated by tincture of galls. (Braconiiot.) 


Parapectin. 

Feemy, W. Ann, Chm, Phi/s, 24, 14. 

Soluble iu water, like pectin and mctapoctin ; distinguished from 
the former by being prccipifablc by neutral acetate of lead, and from 
th(3 latter by not lieing precipitated by chloride of barium (pp. 399 
and 400), 

Aipietms pectin, when boiled for several hours, loses its gummy 
consistence, and is converted into parapectin, which is precipitated by 
alcohol in the form of a translucent jelly. It then still retains albu- 
miuoua siihstancos, whicli are precipitated from the aqueous solution 
by addition of a small quantity of basic acetate of lead. 

Amorf lions, neutral substance resembling pectin. Tasteless. Iso- 
meric witli pectin at 100*^, but gives up 2 at. water when heated to 
U0\ 


64 C 

3B4 .. 

41*48 

a, 

.... 41-51 . 

Fremy, 

b, 

... 42'88 . 

e. 

... 

ic, n 

46 .. 

4*97 ..., 

.... 5*48 . 

... 5*68 . 

... 5*41 

62 0 

496 .. 

.. 53*55 ... 

.... 53*01 , 

... 51*44 . 

... 50*82 

'CMpplffO® ,, 

926 .. 

100*00 

.... 100*00 . 

... 100*00 . 

100*00 


a is parapectin several times purified ; h and e are less pure. 

Parapectin is converted, by boiling^ with dilute adds, into meta- 
pectin ; by aqueous alkalis into a salt of pectic acid. 

Lead'^compoimd, — Aqueous parapectin precipitates neutral acetate 
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of lead. The precipitate obtained on one occaRion contained 1T9 p. c. 
PbO (c«W®O'^2,IiO,PbO=l0*7 p. c.), in other cases, from 18'8 to 19'6 p. c. 
or more. 


Bibasic. 



Frcmy. 

64 C 

. 384*0 ... 

33*41 ... 

33*06 

46 H 

. 46*0 

4*00 

4*29 

62 0 

. 496*0 

43‘IG ... 

43*45 

2 PhO 

. 22:P4 ... 

19*4.3 ... 

19 '20 


C(uip«0® 2PbO 

. 1149*4 

100*00 ... 

100*00 


Metapectin. 


FuEm\ JSF, Ann. CMm. Plnjs. 24, 17. 

Soluble in water, like pectin and parapmjtin; (listiniJi'uiHhed from 
both by its acid properties and precipltahility by chlornlo of barium 
(p. 400). 

Parapectin is quickly converted into nietapectin by boiling* \vith 
dilute acids. — (Jncrystalllsablc. tias an add reaction. Meiapeoiin 
dried at 100®, gives off 2 at. water at 140®. 

at 140“. Premy. 

64 C 884 41*48 41*85 

46 H 46 4*97 5*58 

62 0 496 53*55 52’57 

CcqpiGoca 926 100*00 100*00 

By alkalis^ it is converted into a salt of poetic acid. — It disHolvos 
m water-, if the solution also contains hydrochloric, sulphuric, or oxalic 
acid, alcohol throws down gelatinous compounds of tlicso a, (fids with 
metapcctin. Prom aqueous motapectin, ddorkh of bwinin (brows 
down a precipitate containing from 14 to 15 p. c. BaO (0®'d.FO®, 2Ba() 
== 14*1 p. c. BaO). 


Lead^compound. 


Freujy* 

64 C 

.... 384*0 . 

... 33*41 ... 

33-29 

46 H 

.... 46*0 . 

... 4*00 ... 

..... 4*43 

62 0 

.... 496-0 , 

... 43*16 ... 

41*98 

2 I'bO 

.... 223*4 . 

... 19*43 ... 

20*30 

C«H«0®,aPbO 

.... 1149*4 „ 

... 100*00 ... 

100*00 


Pectosic Acid. 

? or 

Premy. An7i, Cliim. Phjs. 24, 22. 

Insoluble in cold water, like pectic acid, but distinguished there- 
from by its solubility in boiling water (p. S97). 
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Obtained as tlio first product of the action of pcctasc or of aqueous 
alkalis, on {ujugour iicctin, tlio solutions solidifying to a jolly immediately 
or after addition of acids ; but it is quickly converted into pectic acid 
l>y the further action of the same agents, or l)y boiling with water. 
It has an acid reaction. 


32 C 

192 ... 

41*48 ... 

Fremy, 
41-08 

23 H 

23 ... 

4-97 ... 

5-25 

31 0 

2-18 ... 

53*55 .... 

53*67 

C:vq-i‘.J302i ... 

463 ... 

100*00 

100-00 


It is nearly insoluble in cold %oater^ quite insoluble in water con- 
tiuning hydrochloric acid, but easily soluble in boiling water, and forms 
a jelly on cooling. The gelatinous amorphous pectosaies arc easily 
converted into pectates by excess of base; when pure, they dissolve 
completely in warm dilute acid, whereas pectates leave a residue of 
pi^ctic acid. 

Pectosaie of Bari/ta. — Precijhtated from aqueous pectin by a quan- 
tity of baryta-water iiisufficient for complete precipitation. Contains, 
on the average, 24*4 p. c. baryta (O^HP^O‘^°,2BaO ~ 25*3 p. c. BaO). 


Peciofiate of Lo.ad, 


Fremy. 

32 C 

... 192-0 .... 

28-72 .... 

28-82 

21 IT 

... 21-0 

3-14 ... 

3-49 

29 0 

... 232-0 ... 

... 31-72 ... 

31-04 

2 ?bO 

.... 223-4 ... 

33-42 ... 

32-75 

(;:aiX‘aoaq2PbO 

668-4 ... 

100-00 ... 

100-00 


Pectic Acid. 

Q32l p2030 ^ 

Beaoonkot. (1824). Ami, Ohm. Phys, 28, 173; 30, 9G; also Scliw, 
44, Ml,- 45, 400; N, Tr, 11, 1, 50; 13, 1, 120; Ann, Pharm, 5 
%1(\,^Ann, Ohm, Ph/s, 47, 200; K, Tr, 25, 2, 107. 

RnONAULT. J\ Pharm, 24, 201 ; pr, Chern,, 14, 270. 

Muldril Piipff, 44, 432; pr, Gheni, 14, 277 ; 1(5, 240. 

PunMr. J, Pharm, 20, 308; J. pr, Chem. 21, 1; Ann, Pharm 07, 
270* 

Fuounnnaa Hchdk, Omiercoek 2, 31 ; J\ pr, dim, 32, 179 ; Ann. Pharm. 
48, 50. 

CiroDNKW. A:nn, Pharm. 51. 300. 

Peciimwure,pecfmohe Saiiref GullerUaure* Discoyered by Bracoiinot, first analysed 
by Hcsgnault. 

Ocmirrence. Altliongh ])octic acid may bo obtained from most 
plants, if not from all, it dotjs not exist in thorn roady-formod, at least 
lujt always (Bracormot), but is in‘oduced from pectosc or pectin (Fromy). 
Chodnew is also of opinion tliat pectic acid does not exist ready-formed 
in plants, althoiigii he explains its formation in a different way 
(8ecp. 394). 

VOL* XV. 2 I> 
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Wliea carrots, boot, or Swedish turnips arc boiled with weak acid, 
— in order to convert the whole of thepectoso into pectin,— -so loiiA* as 
pectin remains in solution, alkalis extract Utile or no poetic oei cl Irmn 
the residue; old roots, however, yield a largyr qiiaritity thaii fresh 
roots. The greater portion of the pcctic' acacl is there I ore lonned 
during the reaction; but as poetic acid wlnni boiled with acids is hrsl- 
altered and afterwards dissolvc'd, the ex[)criineut is not chaasive 
(Fremy). In another place, Freiny states that fruits and roots yicdi! 
pectic acid to alkalis, even after exhaustiou with acids. 

Formation. (Seepage 394.) — On the formation of pectic or parupectic acid 
according to Schoonbrodt, see (p. 252) ; on Satx’s pectic acid from wood, see 
page 413. 


Preparation. 1. Well washed carrot-pulp is boihjd with vmtm* 
slightly acidulated with hydrochloric acid, whereby [K'ctiii is dissolvaal. 
This pectin is converted into p<H';tate of soda, by boiling \rith Iho 
proper quantity of carbonate of soda (to he ddermined by trial) ; tln^ sohi- 
tion is precipitated with hydrochloric acid; and jhe, separafetl pectic, 
acid is dried, first in vacuo, then by heat. If hu) Hiiiail a (|uiuiliiy of 
carbonate is addorl, pectosic acid may be fonnml ; if t,oo much, nieta- 
pcctio acid may bo formed (Fremy). — 2. The pulp of [leeled inrnips 
is well washed with water and pressed, and the residue Is Imilml for 
three quarters of an hour with water to which of (^arlxnmda (»1‘ soda, 
or a small quantity of hydrate of potash, has been juhhuh The liq uid 
is filtered, tlie solution is precipitated with chloride of culxdum ; and 
the pectate of lime is decomposed by hydrochloric acid (Hracorirmt, 
Regnault ; Simonin, J. Pharrn. 20, 478 ; Ann. Pham. 18, G41). Ileg* 
nault dissolves tlie still coloured pectic acid in. aqueous ammenda; 
decolorises it with animal charcoal at to BO*’ ; precipitates the filtrate 
with hydrochloric acid; and repeats the solution in animmiia and pre- 
cipitation with acid, in order to remove the mineral constitmuits. — 
3. The pulp of carrots or celery is exhausU'd by “wa-shiihg with pun* 
water, boiling with water containing hydrochloric acid, and again 
washing with pure water; the residue* is boiled with v(wy diltife 
potash-ley, and the solution is precipitated with, hydroehlonl; a,(‘id. 
(Bracomiot). Fremy obtained by this process only a small (luuniity of arid, 
(vid. sup.). Chodnew boils turnifis after trituration, wasiiing and nresH** 
lug, with very dilute potash, .for half to three-iiuarters of m. Iimir ; 
strains; precipitates the still turbid solution witli hydroelilorio acid ; 
washes the pectic acid several times, first with acidulated, then with 
pure water; presses it with the hand after eaoli wmshirig, and nnliH- 
solvcs it in ammonia, whereby an easily filtering li(]uid Is obiaimHi, 
which, after filtration, is prccipitateul with hydrocliloric arid. Idiis 
precipitate is washed as above, and finally y^ith alcoliol. 

Pectic acid prepared in the ordinaiy way (probably acoording to meilxKk 
2 and 3) contains albuminous substances which may bo more easily pre- 
cipitated by small quantities of basic acetate of ‘lead, after pro kmged 
boiling of the solution supersaturated with ammonia (Fixuiiy). 

Mulder washes comminuted carrots, turnips or swetd apples with, 
water, boils the residue with very dilute potash, n(.)t in <;xcesH, ami 
precipitates with hydrochloric acid. After purifying tlie pectic acid 
by boiling with alcohol, he finds that it has, both in the free state and 
in combination with acids, the same composition as pectin, ooiitainmg 
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after deduction of 8 to G p. c. ash, from 44*5 to 45 p. c. carbon, and 
5*25 to 5*36 hydrogen. The baryta-salt from sweet apples contains 
20*07 p. c., that from turnips 24*01 p. c. BaO ; the lime-salt from car- 
rots contains 9*72 p, 0 . OaO; the load-salt from carrots, 41*57 p. c. 
FbO; the cupric salt from caiTots contains 18*47 per cent., that from 
apples 2(5*28 j). c., that from turnips 17*07 p. c. CuO. This pectic acid 
immersed in dry ammonia gas takes np 3*43 p. c. ammonia, which 
escapes at 100''. From these, results Mulder regards pectic acid as 
and as identical with pectin (see page 303). 

Frornberg prepaviis his pectic acid from turnips, which ho com- 
minutes, waslies 'with cold water, and boils with very dilute carbonate 
of soda. After precipitation with hydrochloric acid, washing, and dry- 
ing at 100°, it contains 7 p. c. ash containing carbonic acid; his 
analyses he calculates, agreeiug with Mulder, at 44*58 p. c. carbon, 
5'17 hydrogen, and 50*25 oxygen. His load-salt contains 49*81 
p, C. Pb(} ; his Cop])Or-salt l(j*01 ]>. C. OuO. On tte decoiupositions 
with alkalis, page 404. Both Mulder and Frorabcrg have overlooked the 
intlucnce whi(4i the largo anioiint of ash must have on the pl'oportion 
of rrictal in the salts (Kr.). 

Ohodiiew’s Hi/perpectic ami is obtained from tnrnip-pulp exhausted 
with hydrochloric Jicid (s(^o Pecife/as (widj p. 396), by boiling with dilute 
potash-l(;y (not with ammonia), and is precipitated as a jelly by hydro- 
chlonc acid. It contains at 100”,“ after deduction of 0*52 p. c. asb, 
41*4() p. c. carl')oii, 4*83 hydrogen, and 53*71 oxygen, and is distinguished 
from p(5ctic a(4d l>y dissolving in acpicons iixod alkalis, hut not in 
ammonia. 


P/v^per/ms’, Ihud.lc acid in the moist state, is a transparent, colour- 
ItJBB j(dly, wdiich dries up to a white amorphous mass. Transparent, 
horny mass, dHlkmlt to piilveviBC (Eegnault). Resembles woody fibre 
and is very friable (Ghodnow). Has an acid taste and reaction 
(Braconu()t, Fremy). 


Galcuhtim according to Fremy, 

Regnault. 
at 140°. 

Chodnew. 
at 120°. 

Fremy. 
at 120°. 

32 e 

... 192 . 

... 42-29 .. 

42*69 .... 

42*22 .... 

.... 41*40 

22 H 

22 . 

... 4-B4 


.... 5*24 .... 

.... 4*77 

30 0 

... 240 . 

... 52*B7 .. 

52*60 

..... 52*54 .... 

.... 53*83 

C32iFJO.'W 

... 454 « 

... 100*00 .. 

100*00 .... 

100*00 .... 

.... 100*00 


All the ftTnalyses arc given ns moan resiiUs. RegtmiH & Chodiiew examined pectic 
acid prepared from turnips ; Fremy nnulysed add from various sources. Chodnew'a 
add left i p.c. ash, wliuh is deducted. — Respecting Mulder's and Frornberg’ s analyses, 
nee above. Eegnaulfc gave the formula both for pectic acid dried at 140° 

and for that contained in the salts. Chodnew gives the formula which agrees 

with the composition of many of the pectateB> and requires 42*42 p. c. carbon, 5*06 
hydrogen, and 52*52 oxygen. 

.Dccomimitms (see p. 397). 1. Pectic acid becomes coloured at 120® 

(Rognanlt) ; black at 130° ^00° ^Itcs off carbonic acid 

and "water, and is converted into parapectic acid, p. 410 (Fremy). — 
2. Molts wlien heated, S"wells nji, bw'm aixcn/ and leaves a difiScnltly com- 
bustible charcoal (Kcgnanlt.) Bums without swelling up. (Ohodne"w.) 
— 8. When pectic acid is boiled "with parapectic acid is formed, 
likewise "when insoluble poctates are boiled with water. (Frenay.^ When 
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pectic acid is loft in contact with water for two or ihroo inoiithK, it dis- 
solves as metapcctic acid, which is likewise piptluciHl pcnd ic jw'id is 
boiled with water for 3 C hours, or when moist aeid is (IruMi l>y 

heat. Not a trace of Bug\ar is fonued, even alter l)oiliii|'*w’i{ h yvatia* 
for 7 or 8 days, and the solution does not rcduei^ ])()i;iSMio-e.ti|)n(^ tar- 
trate nnless it contains ]ia.ra- or nudnp(‘Cii<J aehl. (t^nniy.) Sccbitow. 
When moist poetic aci<l is washed on a lilter with hoiliti|^' wafer, the 
filtrate yields with neutral acetab^ of h'ad, a pnHupii.ate (‘onfainiir^' 
30'5 p. c. PbO ; after hoiling'tho n^sidne left in. the lilU'r lor two iionrs, 
a lead-salt is obtained, con tain ini»’ 35*5 j). o. PbO; u,iid after om* lunirbi 
boiling', a precipitate wnth 41*9 ]i. c. PI4). Tlie orgaiiii* siihstaneij ol 
all these lead-salts exhibits the composhion of pcndic acid (nr oi Mn^ 
isomeric para- or nieiapcctic acid). (Pnmiy.) 

4. Poetic acid is not altered by cold alt (f/ nirhf, hut is (jui(!kly 
charred by that liipiid wdicu heated. (Kraeonnot, {h'gnaulf.j ^ — By 
boiling with, diltile ackk^ it is conveM't<‘d Into luofapeidie acid, wliiib dis- 
solves. (Proiny.) 

It is not altered by hot very dilute htfdrodihvu'. add (Begimidf.) 
— Poetic acid iirepared from turnips <loes not dissolve till after ymy 
long boiling with dihito acids (more qnickly with concmitraied ae.iils), 
and the solution docs not contain metapcctic aend ; that "wliieh is pre- 
pared from pectin decomposes miiclr more cpiickly. Whmi the ItrHt- 
montioiied pectic acid is boiled with dilute mineral acids, iln* liipilcl 
soon acquires a faint red colour, reduces copper- and silver-salt s, jind if 
sulphuric acid is used, gives off carbonic and fonuio acids, and, limilljq 
an odour of caramel. The solution, which remains colourless if 
diluted at the right moment, leaves a black prodiK3t when filtered, ami 
if evaporated after the sulphuric acid has boon removed by carbonate 
of baryta, it leaves a syrup from which alcohol precipitates a baryta- 
salt soluble in water, leaving in solution a sugar (partly eonverl.i.ul 
into caramel), which is fermentable and capable of nnilhig witJi com- 
mon salt. The baryta-salt, which is soliilde in water, ap])carrt to 
contain formic acid, and an acid similar to malic acid. (OlHulncw,)-— 
The jelly of pipijins completely freed from sugar by alcohol, is <!im- 
verted into sugar by 20 minutes* boiling with oxalic acid ((jouvcrchel, 
{Ann. Chm, Fhjs. 40, 181). According "to Fremy, pccfJc acid is traiw- 
formed by acids in the same manner as by water, tliorcforo without 
formation of sug'ar. 

5. With nitric acid, pectic acid yicMs oxalic acid (Yaumudln) a.nd 
mucic acid (Braconnot). Strong nitric acid eliminates carbonic acid, 
and forms carbonic and mucic acids (Regnault). (Jhodnew obtiumnl 
mucic acid from pectin, but not from pectic acid. 

0. When poetic acid is heated with the a([ueous Holution of camtic 
alkalis or alkaline carhonates, metapoctio acid is formed. (Frmny.) 
Pectin and pectic acid prepared from it undergo tlic^HO tra^nsforina- 
tions much more readily than ordinary poetic acid. (Iri'tnny, ( fiiodncwv,) 
Tlie liquid acquires a brown colour, Imt is not found to (..•on tain oxalic 
acid. (Premy.) When pcctic acid (from tnrnipH) has Ikhui boiled foi* 
some time with potash-ley, the solution is not precipi tilled by acetiiJ 
acid; but hydrochloric and nitric acids soon render it in rind, and at 
last throw down flakes. From the Holullou nentralintul with acetic 
acid, alcohol thr(,)ws do\vn a jelly; neutral acetate of load, a preci|)itatc 
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'wliich oxliibits tlie com]x")sitlou of pccfcatc of lead (27*08 p. c. carbon, 
b'lG hydrogen, 83*94 oxygon, and 35*82 oxide of lead), and when 
dcxioiuposcd by hydrosulplmric acid, yields a black lirpiid, which, caii- 
nof ])(^ S(.‘])a.rated froin the sulphide of lead, and when mixed with 
ahM)hol H<)li(lilieM to a jelly in a few hours. These precipitates arc 
Uk(nvis(i fornuHl on ad,<ling alcohol and neutral acetate of lead to a 
solid ion of p(M;ti(,^ acid which has been boilcxl for three or four days 
■with a hu*g(' (CxeiU'is of potash, whereas a(|ueoas pectin, after once 
iKuling with ]iotiish-hy, is no longer precipitated by acids. (Ghodnew.) 
8ec tlic pi-opcrlioH of Prc'iny's Mdapectic p. 411. 

IfroinlxM'g’s p(Hdii5 acid (p. 403), after boiling for half an hour with 
ai|U(‘()ns (‘arbomde of soda,, wa,s no longer precipitated by acetic acid; 
but iKMiiral a.e(^(,a,tc of haul produced a yellow-bro-wn precipitate, which 
a,t 140^' coidahied 41*30 p. c. PbO, and after deduction of this, 44*8 p. c. 
(auiion, 5*33 hydrogen, and 40*87 oxygen. Another time the solution, 
after an hour’s I loiliug with carbonate of soda, or a quarter of an 
hour’s boiling witli (aiustic soda, still yielded a precipitate with acetic 
acid ; but at'ter boiling* for 7 to 20 hours with carbonate of soda, or 
digesiioii for 24 hours with caustic soda, no precipitate was obtained. 
The la, tt('r solutions, after neutralisation with acetic acid, were like- 
wise pr(H.‘,ipiia4.ed ])y ehlnride of liariuin, chloride of calcium, sulphate 
of coppcH’, a,iKl mmtral a(;eiate of leiul; and it -was only after still 
longin’ boiling w'lih c,anHtii‘< soila, that a liquid wnis ohtained, which 
wlien mnitralisinl with acidic a,ci<1, wa,s not precipitated hy any of the 
aljove-inentioned reagents execqd; acidnie of lead, lienee the forma- 
tion of nudapeedio aind is priMjcded by that of an acidwliich is not 
preeipitalini by ae-eiii.’, aind, but is thrown down from the neutral 
Hohition by lime- or Inwyta-Balts. (Fromborg.) In this case, parapectic 
;uud might bi^ formed, or i\u) nou-occurrence of the precipitates might 
he (iX{)IaiiKal by the solubility of jiectic acid in organic acids. (Kr.) 

Wht.m moist pec-tlo add is heated with hydrate of potash, the 
mixture soon Iiecornes fluid and brown, but loses its colour as soon as 
all i,!io waim* is expelled, and then contains carbonate and oxalate 
of potash. (Vaiiqucdin, Gay-Lussac.) 

On the helmviotir of pectio acid under the inflacnce of ferments, according to Van- 
c|uolin, see p^ge 358, 

(hmMmtkms. Peetiii ^id separated from solutions, in which state it 
appears as a ludonrless jelly having aii agreeable tastes (“V auquelin), 
must be risgardml us a hydrate. It is iiiBolnlsk^ in cold, and nearly 
itiHolulslo iJi boiling v^er. The dry acid immorsisd in boiling water 
softens and swells up slightly, but clnes not Form a jdly. (Kcgnault.) 
See above mi tho (locompoHitkm of peistic acid by boiling with water. 

Olihr‘ atatemmUf relating topecUmc or impure. pecHc add. The solution of 

pectio acid in boiling water deposits a jelly on cooling, provided it Ims not been altered 
by continued boiling. (VauqneUn.) The anhydrous acid scarcely swells up in cold 
water, and dissolves but sparingly in boiling water ; the acid obtained as a jelly by pre- 
cipitation from alkaline Holutions, dissolves more abundantly in boiling water ; the 
filtrate is almost clear, reddens litmus very slightly, and is converted by acids, neutral 
salts, sugar, and alcohol, into a transparent and colourless jelly, probably because these 
substances render the water incapable of holding the pectic acid in solution. Baryta- 
and lime-water produce similar jellies by forming insoluble salts. (Braconnot, Tayen.) 
The hot aqueous solution does not redden litmus. (Guibourt ) 

With — Pectic acid tmitCB with bases, forming salts, among 
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which only, those of the alkalis are soluble in wahu’, the rest bciiipi' inso- 
luble and gelatinous. The jellies precipitated from ('<old solutions ar<j 
denser than those obtained from hot sohitioius (Ilegmuilt). At a 
moderate heat, the acid expels carbonic acid trom alkalitH^^carhonal es, 
It dissolves easily in aqueous alkalis, even, atior drying. The solution 
is not prccipitat(ul l)y merenrie. chloride, hui^ with all othei* Halts li 
yields gelatinous proc.ipitates, wlikli dissolve in <‘xet'ss of alkali. It 
is dilliculfc to obtain the salts at a (!e(iiui(‘ degTc<M^f saluratiom hoeuiiH(‘ 
the neutral salts formed at lirst take up an a,dditioiial (piantily of 
pectic acid (Rcgnault, Fremy). VVlum a soluhh^ jicyiah' is prisupi fated 
by a metallic salt, the composition of tii<^ precipitah* <k‘peudH ^upon 
that of the soluble salt, aud^vaih^s with it (Rcgnault). The. jtdiicR 
precipitated by metallic salts from ptKduh^ of ammonia and [XHtate ot 
lime, are transparent if tlie acid was puna Tlu'y obstimdttyj'tdaiu 
portions of the precipitant, whicli caniudi he r<mio\m<l by washing on 
the filter, but may be got rid of by pressing the jolly with t he. hand, 
pouring fresh water upon it, and so on, wlnu’ehy ilni salt aoquii’os the 
consistence of woody lilue, and becomes friabh‘ after dryiiiglFluHlnow), 
The insoluble salts dry up to very hard, dinicmltly friable, horny, hy- 
groscopic masses* They take fire when Inmied in <,ionta<d‘. with tm^ 
air, retain water obstinately, so that tluyy camml l)(> druid below M0’‘ 
or 150°, and decompose at about 200° (Ih'gnault). 

Pectate of Ammonia . — The solutitm/of jKHdic acjul in exc.t*HH of 
aqueous ammonia slowly turns sour on boiling, and wlum (‘vaptn‘aied 
in vacuo, leaves a transparent masH wh(,)sc aqueous Holution 1ms it 
slight acid reaction (Rcgnault). — From the Bt)lution. of |)(;ctic acid hi 
aqueous Kammonia, alcohol precipitates a transparent, coiourlfiBS Jelly, 
which, at 100°, becomes red-brown and not friable, and diBsolves In 
water, forming an acid, coloured liquid (Ohodnew), The cuful ammo- 
niacal salt which remains on evaporation, b wells up in wator ami 
solves— assimilating at the same time a considerable quantity (»f water 
-—to a tasteless liquid which reddens litmus (Braconnot). ' Atjucous 
pectate of ammonia yields gelatinous procipitates with (blorido of 
sodium, ucetato of potash, and other neutral salts, also with alcohol 
and sugar (Braconnot ; Simonin, J, Ph<mn, 20, 478.) 

Pectate of Potash. --Whan pectic acid in excess is digested wuth 
potash-ley, a largo quantity of pectic acid taken up, and a solution 
formed which is neutral at first, but afterwards liecornes Sligltily acid. 
When a solution of pectic acid in excess of potash-ley is iiuxcxl witli 
alcohol, a basic jelly is precipitated, from which potasli is exlrac.itMl Iiy 
washing with alcohol (Rcgnault). — The 'potash, -salt olitaiiual l>y pn!. 
cipitating pcctic acid dissolved in excess of |){)tasli-l{,vy wiih nleohol, 
and washing out tlic jolly with alcohol, acepures, at 120'\ the, eJiaracler 
of woody fibre, but docs not become friable; betweem If)!)" and ICKV 
it gives off water, turns yellowish-brown, and then disHolves in waU.n* 
to a clear liquid, which smells of caramel and reduces cuprlci oxidis 
(Choclnew). — Potash, added in excess to a solution of the potasli- 
Balt, throws down a jelly, which recovers its solubility in water after 
the excess of potash has been removed, and, according to Braconnot. 
is a basic salt. 
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Cliodnew. 


Calculation according to Cliodnew. 

at 120°. 

at 150°— 160®, 

28 C 

168*0 .. 

. 34*25 ... 

33*80 

35*44 

20 II 

20*0 .. 

4*07 ... 

4*31 , 

4*02 

2G 0 

208*0 ... 

. 42*44 ... 

43*00 , 

40*54 

2 KO 

04*4 ... 

. 19*24 ... 

18*89 , 

20*00 

(PUi-'’0»2KO..., 

, 400*4 .. 

.. 100*00 ... 

100*00 , 

100*00 


hi. inO'’— - (r-“'«IIW,2KO (calc. 35’.56 p, c. C., 3-81 H., 40*G5 O., 
10*08 KO.) (Cliodnew.) 

Pe.vfuieofHinlii ,, — Obtained like tlio potasli-8alt, wliioli it resembles. 
Dissolves ill w{it(e.* jiftcr drying at 120'". Neutral.. Swells up when 
beaixul in a platinum spoon. Contains 13*73 p. c. soda, coiTcspoiiding 
to the formula PO^^,2NaO (calc. 13*54 NaO) (Cliodnew). 

Ikfiate of Bm'ifta . — Aqueous poetic acid forms a gelatinous pre- 
cipitat<i with baryta- water (Braconnot). — When aqueous pectin is 
iimnerHud in a largo (ixemss of baryta- water, in a voSkSoI from which 
tlui air is (}};(jliid(‘(i, ])OctoHato of baryta is first precipitated and sub- 
s(HjU(mtly (!ouv(irt<ni, by the exc(^ss of baryta, into pectate. This, 
afixn: washing, drying in. vaimo, and then at 120", contains from 25*3 
to2rrHp. c. l)aryta, (jorrimponding to the formula C^^IPV, 2 BaO (calc. 
2rr0 p.c. BaO) ( Krciny).— Obi, uined like the lime-salt, which it rcBembleB. 
Th{^ suit, dri(Hl l)(d,,w{K‘r 150" and IfiO'", erm tains 2 at. waterless than 
ilmt dried jii 120" (Cliodnew). 

Chodnew. 

(■aindafim accordhif/ io Cliodnew. al 120*. at 150° — ICO®. 

2H C 1*08 .... 30*58 30*50 31*57 

20 II 20 .... 3'«4 3*69 3*29 

20 0 208 .... .37*90 38*13 36*46 

2 BaO 158 .... 27*88 27*68 28*68 

<.MPWt2BaO .... 540 .... 100*00 100*00 100*00 

Calculation for th® salt drbd between 150® and 160®, 31*63 p. c. C., 3*38 H., 
36*15 0*, and 28*84 BaO - (Cliodnew.) 

of J/ime. — Lime-water added to aqueous pcctic acid, and 
lime-salts added to pectate of ammonia, throw down gelatinous pre- 
c;ipitatf^H» Ih'cdato of ammonia is likewise decompiosed l)y sulpliato 
mid bicarl)onat(^ of linu*, but not by the neutral carbonate. From 
dilute Bolutions of idkalincj poc,iat(JB, a few drops of lime-water throw 
down gidatinous masHes whi(di are insfiluble in alkuiis. Pectate of 
lime <loes not dissolve in boiling water or in ammonia, and js not 
d(‘(;oiriposed by potash-ley ; but it is dccompostid by hydrochloric acid, 
with separation of fKXitic u,cid, and by heated carbonate of soda, with 
separation of carbonate of lime (Braconnot, Ann. Okim, Pkp,. 44? 60 j 
47,268). — The transparent and colourless jelly precipitated irdm 
neutral ix)ctate of ammonia by aqueous chloride of calcium, is harder 
than pectio acid, and becomes yellowish after l>cing* pressed, washed, 
and dried at 120®. (Ohodnow.) 
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(iiotlnew. 

Calculation acco^'dint/ to CUodnew. 

mmn, at 120'"' 

98 ri 

* IGS ... 

..... 37*08 

30*77 

on TT 

20 ... 

.... 4*11 .. 

4* {>5 

'?r> n 

. 208 ... 

.... 45*94 .. 

4(rlG 

2 Cat) 

. . 5G ... 

.... 12*57 .. 

12-42 

CiSH2(i02(',^2CaO . 

... 452 ... 

.... K)0*00 ... 

100*00 


Comparo Mulder’s analyses, p. 40,'!. 


FectaU of Lead — AVhcii an aqiioniiH solution of mniiral of 

lead is poured into an aqueous solution of ]Ku*iai;<? ol ainiiioiiia. liaviup; 
an alkaline reaction, a transimront j(dly is fornuMl, e()niiunin.i;* 4S*7 I 
p. c. oxide of lead (Eegnault). Tlui pr(Hupil.a,i<j thrown <lo\vn fnnu 
neutral pcctato of ammonia by neutral ac(dule of lead (‘onlaiiis he{ \ve(Mi 
32*7 and 35 p. c. load-oxide ; from an aminoniatnd solution of llu^ 
neutral acetate, soluble pcctal.es throw down priadpita/icss (unilnininy* 
asinuclias 00 p. c. TbO, and morci in ])ropoHion as thn Hohdiim is 
more ammouiacal (Frciny). - — Ifrorn cold peiidic'. acid of ntnniouin?), 

neutral acetate of lead, throws down niuitral peedidn of haul (’oiduin* 
ing* 30*06 p. C. load-oxide (Chodmnv'H fonnulaC-^ir*‘4)*b2Pb() miuiojH 36* 13 
p. c. PbO)i from the liot solution a basic salt is n|,)ia.iinal in iln^ fortn (d‘ 
a jelly wbicb easily separates into flocks, and when dry boc.oincs yellow 
and very friable (Ohodnew). — By boiling* with water, it is (jonverfed 
into parapectato of lead (Fremy). 


Calculation according to Premy.. 

Fremy. 

32 C 

... 192 .... 

29*09 

28*51 

20 H 

... 20 

3-03 

....... 3*17 

28 0 

... 224 .... 

33*04 ..... 

35-22 

2 PbO 

... 224 .... 

... 33*94 

ss-io 

C»TF02s,2Pb0 . 

... G60 ..., 

100*00 

100*00 


Calculation according to Cbodnow. 

Eeguault, 

Cboclnew. 

28 C 

.. 168 . 

.. 23*28 .. 

21*87 

23*00 

19 H 

19 . 

.. 2*03 .. 

2-26 

2T)5 

25 0 

, 200 . 

.. 27*72 .. 

27*13 

2B‘07 

3 FbO 

„ 330 . 

.. 46-37 . 

...... 48*74 

46*32 

3PbO 

723 . 

... 100*09 . 

100*00 

100*00 


Compare Mulder’s analysis, p, 403. 


Poetic acid protects fciTic salts from procipitatlou by alkalis 
(IL Bose). 

Pedate of Copper. -^Tectiito of potash forms with sulphates o! c<tp- 
per a bulky coagmlurn, the ]if|uid not retaining a tracxM)f copmu*; ii m 
greenish precipitate is insoluble in boiling water ; g‘iv(‘s np part of its 
acid to potash, the residual salt not being dissolved thcrcliy; mul m 
decomposed by nitric but not by acetic acid (Brucomiot). 

A solution of sulphate of copper 2 )oured into {uiueouB ixxjtatcj of 
ammonia, throws down a green jelly of variable composition, wlihli 
taos up to a ycllow niM (Eognanlt). Pcctato of copixa- iw green both 
before and after drying* (Chodnow). ^ ^ ^ 
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Chodnew. 

(Jalculation according to Chodnew. 

at 120k 

28 C 

IG8 

35*34 ... 


20 H 

20 .... 

4*19 ... 

4'21 

26 0 

208 .... 

43*79 ... 

43-84 

2 CuO 

80 ... 

.... 16*68 .. 

lG-86 

(P'qr-‘>o-'-,2CuO ... 

476 ... 

100*00 

100-00 


Vor Muklcr’s atul Fromborg’is results, see page 403. 

The pranpitiito formed by sulphate of copper io ammoniacal pectate of ammonia, 
eoutimujH to rtalissolvo for a long time, till finally a blue ammoniacal jelly is precipitated, 
probably a double salt. (Regnault.) 

JMctitk of SUc(>j \ — Obtained by double decomposition of pec- 
ia(n of ammonia with nitrate of silver, and contains an amount of 
oxi(l(‘ of silver varying' with tlic constitution of tlic pcctato of 
a.inmonia used. a. Whm nitrate of silver is poured into aqueous 
peuviab^ of ammonia which has been boiled as long as ammonia coii- 
tinm^s to (^seapih a precipitate is formed containing 38*38 p. c. AgO. — 
Ih When a(|U(>ous piudate of ammonia is poured into nitrate of silver, 
ilui [iree.ipiiab; tiontaniB lUJ-Or) p.c. AgO. — c. When pectate of ammonia 
is i»repiu’(Ml by (ivapora.tion in vacuo, and nitrate of silver is poured 
into iis aqiUHms solution, ilu' pnmipitato contains 40*31) and 41'02 

p. e. AgO,' (L Wlum nil,ral,<} f)f silver is poured into pectate of 

Uimnifuiiui (ami-aiiiing (excess of jimmonia, tlui resulting precipitate con- 
iimu'S for a, long tiiru^ |.o r(ujissolv(h and when it no longcu* disappears 
on slirring, (MUitains 38*48 and JKVOS p. c, AgO (llegnaiilt). 

Non ( nil |)iH)ta,t(^ of silveu* is ol)t.ained by precipitating pectate of 
amimmia, with, nitrate of silver; but if the nitrate of silver has any 
fr(H', ae.id adlnuing to it, ilu^ pr<‘(,;ipitat(!d})Octate()f silver is mixed with 
IKHd.ic ju*.id and thivrefore oxbibits a smaller amount of silver-oxide 
(Ohodnew). 

(klcuiaiimi according to Fremy. Calculation according to Chodnew, 


32 C 

20 H 

28 0 

2 AgO 

192 

20 

224 

232 

.... 28*74 
.... 2*99 

.... 33*53 
.... 34*74 

28 C 

20 H 

26 0 

2 AgO .. 



. 168 
, 20 
. 208 
. 232 

.... 26-75 
.... 3*18 

.... 33-15 
.... 36*92 

2AgO.... 668 

.... 100*00 

C®l-F"0»,2AgO 

. 628 

.... 100*00 



Regnault, 


Frcmy, 


Cliodnew, 


a. 





at 100k 

(I 

26*41 . 

25*29 and 

25*87 

. 27*07 


26*45 

If,., 

2*79 , 

2*74 „ 

2*80 

, 3*33 


3*10 

0 

32*42 . 

30*95 „ 

30*94 

. 32*81 


33*75 

AffO 

38*38 . 

41*02 „ 

40*39 

36*70 


.36*70 


100*00 . 

100*00 „ 

100*00 

100*00 


100*00 


Fi'cmy'B auidysis (/. Phamt. 26, 379) does not agi>ee with his latei* formulse ; 
TOOreover he does not fiuotc it any more. The calculation is deduced from his formula 
of pectin acid and the other pcctates. 

Wiih — Poetic acid dissolves in aqueous solu lions of tlic neutral 

salts, especially the ammonia-Balts, of many organic acids. When 
small (juaniithm of oltrabs or malato of ammonia, or other similar 
sail, is afldial to waiter in wlu(di poetic acid is suspended, an acid 
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solution is produced from wliicli alcoliol throws down si, jcllj T»vhi(h 
dissolves in boiling water, and soi'iarates again on cpoliiig. This 
jelly is a comnoiind of poetic acid with an suunionia-ssdt ; it is 
decomposed by jirolonginl boiling, or by ropoaiod prindpilaiion wiih 
alcohol and re-solutiou in wat<M‘, and is thoroliy iniidonsl jisiiiinlly 
insoluble in water. Such componuds «ro by boiling cnrnn-pulp with 

ncids, provided the pulp has not hecu i)rc;viau.sly tixhauHt,(Ml with acidn, --and otny ho 
confounded with pectin (Fremy). Chodnew'H pcctou.s add (p, .TJdj, Juight; tluivforc 
belong to this place. (Kr.) 

Peotic acid is insoluble in (ikokdniul In d/Adr. — a.(pio<)ns orgtuiio 
acids it does not dissolve more freely tlian in pure waiter, (llraconnoi, 
Ann, CMm, Fh7/s, 50, 382.) 


Parapectic Acid. 

Feemy. Jy. Ann, Ohm, 24, o L 

Eesetnhles noetapectic acid in being soluble in water, hut is distinguished thertsfrom 
by forming a precipitate with baryta -water. See page ilDB. 

When peotic acid is boiled for some thne^ with wahuhiidiHSolvcK as 
parapectic acid. In like manner, peetates Innited for s(3Vi‘ral hours to 
160® or boiled with water, arc converted into parupecjiatew, 

Parapectic acid is imcrystallizable, destitute of opldcal rotatory 
power, and has a strong acid reaction. 'When heated^ it Indiavc^s llki^ 
pectin; when dissolved in imter, it is quickly C()U?crt<‘d Into metapectic 
acid; when boiled with potassio-aiprk f(vi.r(d(ij it ])rec,ipitat<3H cuprous 
oxide; and it is not fermentable. — Tt forms soluble salts witli the 
alkalis, and is precipitated tlicref mm by (‘XC(^kh of An,ry//«-wv/A'r ; from 
its acpieous solution it is preci]:)ated by alcohol. The })otash~Halt pre- 
cipitated from its aqueous solution by alcohol and at. 1 50", c.oiitaiiw 
23 p.c. potash 2KO«22-4 p. c. KO), — The kmUdlt is obtained 

by boiling pcctatc of lead siispendcid in water for several liours, or by 
precipitating aqueous parapectic acid with netitral acetate of lead. 



Lmthsalt at 150°, 


Fremy, 

24 C 


... 144-0 

26*10 ... 

25-04 

15 H..,. 



... 15-0 

2‘72 ... 

2-08 

21 0 


... 108-0 

30-54 ... 

SI-57 

2 PbO 


... 223*4 

40-58 ... 

.... 40-71 

C»H‘'0«,2PbO..;., 

... 550-4 

, 100-00 ... 

100-00 


At 110° it contains 24'44 p. c. C., and 2-02 H.; therefore 2 at. water more. 
(Fi'emy.) 
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Metapectic Acid« 

? COTO® Of 

i'^RKMY. J, Pharin. 26, 382 ; Ann. Pliaria. 35,322; J.pr. C7/m. 22, 1.- — 

N. Ami. C/dm. Jdup. 21, 36; Ami. P/ianii.- 67, 288; /. pr. G/iem. 

15, 112.“— Compt. rend. -18, 202; N. J. Pharm. 35, 81 ; abstr. Rep. 

C/iun. pure, 1, 2()1). — Conipt. rend. 49, 561 ; Rep. C/dni. inire^ 1, 602; 

Cheni. Cenir. 18()0, 4. — Kopp^s Jcdiresber. 1859, 530 and 540. 

A aide aeiiuitque. — Occnrft as a product of tlic transformation of 
IK'ctoHo, in all liuids of the vogotablo organism wliicli arc in contact 
widi tissiK) containing- poctose. 

Foruudion. All ].)Octons substances may bo converted cither directly 
into meiafK'ctic acid, or into products which yield this acid after 
fnrf.licr tixnituuvut (pp. w, 398.) — IVlien lime is allowed to act on man- 
gold-wuiv-d ])n]p in the mamifactiire of sugar on the larg'c scale, 
m<4ap(M*laii*. of lime may be formed, which then accumulates in the 
molaSHt'w. 

Preparation. 01iop})ed mangold-wurzol is washed with water ; the 
n'sidiH'. is lioibnl for an hour witli milk of lime and jnessed ; and the 
li(pii(l is evaporated- to a syrup and mix.ed with alcohol. Mciapoctatc 
of linu'. tlnm falls to tlu'. bottom, and afhn- it has been decomposed by 
oxa,lat(^ of tunmonia, the liliertnl solution is mixed with (jxcess of 
lumtral n,(‘etai(^ of l(M\d to pr<H*.ipiiale colouring matter, ph(,)sphoric acid 
atal ot lnn* substauens ; ‘‘Oid. tin*. tUtraie is s\i])eA’saturatcd witliammoh^ 
whi(‘h throws down ;m(d,apec4ate r>r lead. By decomposing this salt 
under walxn- wiih liydrosulpluiric aend and evaporating the filtrate, 
aqmsHis mot4ipet;tic acid is obtained. 

.Pnrperlm, Amor|)lioiis, strongly acid mass, destitute of rotatory 
power* 

Ikcotnpositmu, L When heated, it behaves like pectin (p. 396)* — 
2. Thp aciimons solution quickly Ix^comes covered with mould, and is 
(lecoihposed by prolongcsf boiling, with formation of acetic acid .and 
black tibnic aehl. — 3* itr(‘du,c(iH potamo-caprh tartrate at the boiling 
4 . It r(‘du(,‘.es aepuMms s/Yiw- tmil podPmlis. 

Meta|)(H'.tic acid Is deluim-'scmit and dissolves readily in ^mtUr . — 
Tl-U) metapectakB (ex<X3pting tlui basic salts) are all s(.)hible in- water. 
The aqueous aind decompogos carbonatoB and neiitraliseB strong bases. 

]\ffMpeMatemif Lead,. A.([\mom metapcciio acid precipitates basic 
acetates of lead, but not the ncnitral acetate. The a(]ucons solutions of 
the alkaliii(4 rnetapectates added to neutral or basic acetate of lead in 
<}xceHH (of the load salt?) throw down soluble precipitates. — The 
precipitates thrown down from aqueous mctapcotic acid by basic 
acetn»to of lead contain from 67*5 to 68*8 p. c» (0®ll®Ob2FbO = 67*2 p. c. 
FbO) and 73*4 to 74*2 p. c. oxide of lead (C®H®0‘^,3Pb0 =: 75*4 p. c. 
PbO) ; after deduction of the lead-oxide, they contain, on the average 
43*51 p. c* 0., 4*58 H*, and 51*91 0., corresponding to the formula 
C^IPO’’, (calc. 44*08 p. C, C., 4*58 H., and 51*84 0). Fremy formerly 
wtalyged lead-salts eontaimng smaller qMtitliaes of lead-oxide (40*9 and 46'78 p. c.). 
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Jelly from Yellow Pods. 

V. OuTir. WictK Aht(L Bcr. 33, B12 ; J, pr. Olioih (M, 10. 

L. Mayee. Akid Ber, 20, 320 ; ./. i^hcnu 00, 213. 

OcciH'H ill tlic friiil; of (hirdenia (irandlflor((,-^T\\<\^ yrilow }hh{m, 
after bciug' (‘.xliiuiBiod witli aleoliol of -lO", ai’o l)oil<Ml wifli waler; Iho 
filtrate, after acklitioii of hydnujliloric acid, is |)rec-i}Htalied wiili !dt‘(diol ; 
and the solution in water* acidulated, witfi Jiydrochloric aeid, and j)r<‘- 
cipitatiou with alcohol, arc repeated as long* a-s ihe preeipi(at<‘ appears 
coloured. 

V. Ortlu 


Cakulatum according to 

V. Orth. 

at lOOA 

^2 Cj . 

. 192 

., 42*10 

42*0 < 

24 H 

.... 24 ...... 

.5*20 

r.*31> 

30 0 

.... 240 

.. 52*04 

52*00 





.... 

.... 450 ...... 

.. 100*00 

11)0*00 


TVIayta*. 


Calculation accordinff to Mayer. mmn. 


64 0 

.... 384 ... 

41-07 ... 

40*1)0 

47 H 

.... 47 ... 

5*03 ... 

5*3:1 

63 0 

.... 504 ... 

53-90 ... 

53*77 

C04pi47O«i3 .... 

.... 935 

100-00 ... 

100*00 


After deduction of 1*8 and 0*79 p.c. ash, — It may perhaps bo inomerio or 
identical with parapectin (p. 399). ICr. 

When heated with Jiycb^ochloric aoidj it behaves in the same xriannor 
as jelly from Syringa, 


Jelly from Syringa, 

y. Pate, Wien* Ahad* Ber* 20, 527 ; /. pr* Chmi* OO, 213. 

Occurs in the fruit of Thcnf rail s stpain-i tH I from iJie 

stalks are boiled for a few niiiiutes witlfwatcr, and tlie {iipdfl, aflnr ladug* 
strained, is precipitated with neutral acetate of lead, dirty brown 
precipitate, diffused in water aft(u- waslihig, disHoUa^H parfially cn 
addition of acetic acid. On ddeomposing the undisHohnal part iinder 
watf3r with hydrosnlplmric acid, separatiiiji^’ the Hiilpliide of lead, taui- 
centrating' the filtrate, decolorising with aiiiinaleiiarcoal, adding liydro* 
chloric acid and precipitating with alcohol, a transjnwtnt jrdly in 
obtained which may be decolorised by repeated HohdJou in waku’ eon- 
triining hydrochloric acid, and precipitation with aleoliol. 


Calmdation according to 

V. Payr. 

V. Fay**. 
mean* 

64 C 

384 

.. 41-47 

4|*.} 

46 H 

.... 46* 

.. 4-9! 

5-2 

62 0 

.... 496 

.. 53-00 


Ccqpinods 

.... 926 

.. 100-00 ,.... 

lOO'O 


After deduction at 2*8 p. o. ash, ■— Isomeric witli parapectin (p. 
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The aqixeons solution lieated to 100 for several hours with hydro- 
chloric acid^ deposits on cooling- a white iDowdor which at 100° coiitains 
39*81 p. c. carbon, 5*i^4 hydrogen, and 54*95 oxygen, corresponding- 
tli(n’ofor(3 to the formula (calc. 39*92 p. c. C., 5*20 H. and 

54*88 0), and is formed by assumption of 4 at. Avatcr. (v. Payr.) 


Saco’s Pectic Acid from Wood* 


Saco. N. Ami. Glum. Phys, 25, 218; J. pr. Chem. 46, 430; abstr. 

Pharm. Centr. 1849, 235 ; Chem. Gaz. 1849, 274. 

IhxitTKit. Ann. Pharm.71^ 115; abstr. P/iur/n-. Cen.tr . 1849, 777; Chem. 

GiC. 1849 , 44 ) 9 . 

The snlistanco produced by boiling* wood Avith nitric acid (from the 
incruHting matter, p. 124, according to Sacc), consists, according to 
Sac(3, of pee.iic acid; according* to Porter, it is a diifcrent body. 

S'ac(! boils (leal-shaA'iiigs for some hours Avith 2 pts. Avater and 
10 pts. comnuu-eial nitric acid, Avhercupon reddish vapours are at first 
abundantly <‘vf)lvtjd, and the Avood is converUid into a Avhite doughy 
nmss. 4408 Ik^ Avaslies Avith Avat<.n* to remove all the acid, then collects 
it on It mm, a.ud dihts itoAuu* the Avater-bath. — Poi’ter further treats the 
mass thus obtaimid Avith dilute aqinums ainmouia, Avliich leaves a por- 
iitm xindissoUaml and precipitattm the liltratc Avith hydrochloric 
a«fid. 

Light gr(^y (Saccs), or reddish grey (Porter), easily friable mass. 


(Meukdiou accordiny io Porter. 

Sacc. 

Porter, 

16 C 

.. 96 ... 

. 43*63 ... 

40*83 to 42-86 ... 

mean. 

43-39 

12 It 

12 ... 

, 5*46 

5-86 „ 5-94 ... 

5-86 

44 0 

„ 112 ... 

, 60-92 

63-31 „ 51-20 ... 

50*75 


220 ... 

. 100*00 ... 

100*00 100-00 ... 

100-00 


After liedaction of | to p. c. ash. Sacc gives the formula which he 

regards as that of pcctio acid. 

PmmiimiimiB, 1. When it chars quickly Avith out detonation, 
(muttiiJg an odour of caramel and leaving charcoal (Saco). 2. By 
boiling Avi 111 mo<lcra;t(4y <rduie nitm acid/it m converted into oxalic 
}u;id, witlioiit formation of mrusic acid. 3. With oil of vitriol^ it chars 
and gives off a.u odour of caranujl (Porter). — 4. Hydrochloric add 
tlie boiling lujat c< )1ours it rcul After boiling for sonui time with aqueous 
(dkdi% it is no longer precipitablc by acids (Porter). 

It does not dissolve in loaUr citluji* cold or boiling. — When newly 
prepared and moist, it clissolvcH easily in water containing ammonia^ 
and is |)rcci|)itated therefrom by AvCak acids, as a stiff, colourless, 
transparent jcdly. After diying, it is insoluble iu aqueous ammonia 
(Hacc.). It dissohum Avitli difiiciilty in aqxxcous alkalf^ and is tbroAVU 
down by mfuis from concentrated solutions as a Avhitc light powder ; 
from mor(3 ihlute solutions, as a transparent precipitate, Avliioh quickly 
unitcH in Avliite Hocks. Alcoliol and metallic salts likewise precipitate 
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the alkaline solution. The last formed prcoiintotos liiu-.; tlio aspw-t of 
pectatGS (Porter). 


Ghimicks Of Coiijiiffaiod dompuiiwh of the moirhfirdial 

Chitin. 


Odipe (1823). Mail. Soa. iWnt mliir. <k Pofix. U -’H 
8, 1, 233 ; J%. P/iarw. 5, 301 ; J. I'him. 0, 370 ; Ihn. 


; A'. Tf. 


J, /)/*« i^heni. 


4 247. 

LASSAiCiNK. Coi/ipL reml. Id, 1087: »/. CJtim. nuii, 10, .‘>70*, 

29j 328; Borz, Jahvo^^her. 2*1, 0i)0. 

PiUMCN. Coiiipf. 'rend 17, 227; Jierz, Jnhrei^her, 21, 700, 

K. ScrnriDT. Ann. rharnu 5-1, 208. 

SciiLOSSBEKGER. Pharm. 08, 00 ; iV. dihrb, Pharm, Ts, 207 ; 

abetr. Ohm. (58, 1 02 ; Vheru Ventr, 1850, 487. 

Berthelot. Gonipt, mid, 47, 227 ; »/. pn» (Pi’mi, 7G, 371 ; (Umi, (fenij\ 
, 4S56, ()7G; Hqi. Ohim, pure i, 00; in detail: .¥. Awl CMul 


56 149. 

Feligot. Compt, rend, 47,1034; N, Ann. Ohim, Iduin. 58,851; Hep, 
Cliim. pure, 1 , 234 ; Ohem, Geiitr. 1850, 700 ; ZeiUehr, P/wrm, 3 , 241 . 
SiARELEit. Pharm, 111, 21 ; Ghem, Omtr, 1850 , 708 . 


JSndomaderm (Laasaigne). Discovored aud distinguished from hOTm-subitanee by 
Odier, in 1821 ; recognised as a nitrogenous compound l)y Lassaigno ; first mow 
completely investigated by K. Schmidt. Fremy’a nou-azotised chitin is csHcntially 
distinguished from that of all other chemists by the ahsenco of nitrogen. Pdigot’s 
chitin appears (according to SUideler) to have contained cellulose derived froin rtminiiiH 
of leaves. — Peligot regards chitin in general as a compound of cellulose with protein « 
substances. 


Occurrence, (Jliitin formw the clii(4' (;()ius(.itiH.‘nt of t^lc^ (‘nv<‘kjpt‘H, 
scales and hairs of articiilah.ul ain’inals, also of tlui litung‘ irunnbnuicH of 
the trachea and inttvstiinns {Ifandh, viii, Zoochem, 4G2). Many 
designated by liistologlslH m chitin, with that sabstattco dfity In 
their behaviour with potaHh-loy and uetdic acid, and have not 1)omi 
shown to be id(jntical with it. Thus tlu^ byssuMof acapHMit^s eemtahw, 
not chitin as suppoHtMl by L(Hickart( ArcL 1852, 25), bnt a sub- 
stance richer iti nitrogmi (see ConfdvMn) ; tpnsde-shellB coidalu, iiol 
chitin [contrary to the staternipd; of Ktisfi' wni 

ZusarmnemeUung der Almchelmkdm, 1853)j, bnt coiuhioliu (8 cIiIokh* 
berger). 


Preparation, The tissues intended for the preparation (carapaces 
of the crab, wing-cases of the cockchafer, and similar material) ans 
deprived, by shc'cessive treatment with water, alcoliol, dilute aeiils, 
potaSh-ley and ether, of all matters soliiblo in these Ibiuids, and the 
residue is then washed and dried, if tissues are used likciwise contairsiing 
tunicin or cellulose^ Or if entire animals having remains of leaves in thwV i«£estinii% nw 
subjected to the same treatment, the chitin will be contaminated with these 

When chitin thus prepared is boiled for 12 hourn or longer wttli a mis* 
ture of 1 voL oil of vitriol and 4 vol, water, part; of if in tumvcndied Into 
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soluble products ; but the residue, wMch swells up to a pasty mass, is 
perfectly pure chitin (free from ash) which may be washed by decan- 
tation, so long’ as it contains free acid, but as soon as all the acid ia 
rernovod, remains partly suspondod in the litpnd, and can only be 
r(3covercd by evaporating the water (Stiidcler). 

If the skin of silk- worms bo. treated successively with potash -ley, 
alcohol, other, and acetic acid, the residual chitin contains 48*13 p. c. 0., 
8*f30 N., 0*90 U., and 30*07 0. ; after further treatment with perman- 
ganate of potash, 47*38 p. c. C., 0*15 N., 7*02 H., and 39*45 0. When 
silk-worms are boiled with strong potasli-ley, which disintegrates or 
dissolves their several organs as well as the remains of leaves in their 
intcistiues, then with dilute sulphuric acid, and the skins, which 
remain as translucent hags open at both ends, are washed, dried and 
treated with, sulphuric acid containing (> at. water, they lose 44 p. c. 
of their weiglit, but the residue still contains 5*8 p. c. nitrogen. If 
tlioy arc then treated for several hours with iiot, or for some days with 
colcl concentrated aqueous permanganate of potash, then with bisulphite 
or potash, and finally with water, there remains a white, iriter- 
laciod mass wbich does not give off ammonia when boiled with potash. 
This mass, hoAvever, if made up into a paste with hydrate of potash 
and water, atul lajatcd to 100'’ for eight days, dissolves with evolution 
of ammonia, and forms a soap, from which, after filtration, acids separate 
fatty acids ; but even after two-thirds of the whole has been decom- 
posed, tlio rest of the chitin still contains ()*2 p. c. nitrogen, and con- 
tinues to evolve ammonia. VV*hou this chitin, after being softened in 
water, is treated with oil of vitriol and iodiiK', it exhibits under the 
microscope, numerous brown .integuments and isolated irregular 
|:)art.ii‘leH which ar(3 coloured blue. The latter colouring* becomes more 
plainly visible, if the skin is loft for some days in tlic iodine-solution 
jnid tiien moisitmed with oil of vitriol, whereupon pieces of membrane 
make ilKur app(iaraiico, greenish at first, but changing to indigo-blue 
as tluj iodine evaporates. lri*oin tins chitin, aqueous cuprarnmouia 
(.‘xtrsicts celUdoso wliicli is precipitated from the solution by acids. 
The liorny siibstancc of the k>bstcr likewise exhibits the reaction of 
celluloso (p. 137) with, oil of vitriol and iodine. (Peligot.) This chitin 
is i*iffh% regarded by Stiideler as impure ; from pure cliitiu lie was 
imalne io extract anything by cuprammonia. 

Fremy’s — Wheiitlieskcdetoim(>f Crustacea arc treated with 
cold dilute hydv(.)ehlotic acid, the undissolvod residue is boiled for several 
hours with potash-ley and again washed witli wattn*, a,lc(.>hoI and ether, 
a transparent; horny suhsfcaium is obtained, containing on the average 
43*35 p. c. 0,, G*(;r) II., and 50*0d ()., ■but no lutrogeu, and therefore 
isomeric witli c<4hiloBe This sidistanco is not altered by 

dilute acids or alkalis, and not converted (uthcr into sugar by the former, 
or into })yroxylin by fuming nitric acid, which indeed has no action 
on it whatever. By concentrated acids, it is disintegrated, dissolved, 
and converted into an acid comparable with mctapoctio acid (p. 4ll) ; 
by boiling nitric acid it is converted into oxalic acid (Fremy, J{, Ann, 
Ohm, Phjs, 43, 93). 

Propertm, White amorphous mass, which, when examined with 
the microscope, often exhibits the structure of the tissues from which 
it has boeu prej){ired. — Chitin which has been boiled for a long time 
with dilute eulpimric acid, and separated by evaporating the water in 
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whicli it, was siispoiulcd, forms Lard, iratiHjuiO'ut, or ininslm‘Hsl, 
coherent lilnis, wliicii are extremely clitlicult to coininiiinte (hUldeU'r). 





Schmidt. 

Lehmann. 

SUidek'i 




ineau. 

/HMU. 


18 C 

108 . 

40*35 . 

... 40*71 ... 

..... 40*7:1 

... 

N 

.... 14 . 

... O'Ol . 

0*50 .... 

.... (n40 ..... 

ILI4 

15 H : 

.... 15 . 

... 0*41 , 

... 0-H2 .... 

.... 0-50 

... 0*40 

12 0 

.... 9(J . 

... 41*20 . 

... 30*97 .... 

40*10 ..... 

... 41*14 

CiSNpiiSQia 

.... 233 

100*00 .. 

... 100*00 .... 

.... iOO-DO 

... 100*00 


ScEmiilt’s clutiii mostly contained ash to tlui amoxiut of 2 per cent. — Paycti fotnui 
8-99 p. c. nitrogen, Sdilossbergcr 0*4 p. c. See tU(3 analysis hy Clnltlren & Dsmicll 
{JIandO. viii, Zooc/imi. 470). llespt'cting Pdigot's aiiuly>sis and Fremy's cliitin 
(p. 415). — Schmidt gave the formula . EllWdcr that which is here adopted. 

— Free from sulplmr and phosphorus. (Bchmidt.) 

Beconiimitiom. 1. Ohitiii chars wlum healed., Ixit. lU'ifluh' meliK nor 
changes in form, and docs not yi(d(l ;uiy c-arliomtlcs of {uninoniin^ 
(Odier.) By destructive distillation, water, acnlu*, ;und, ac-etadt^ of 
ammonia and a small quantity of cmpyrcuimatic; (dl a,re obtaiiHHl, whil(‘ 
chai'coal is left retaining the original form of iluj chilin. (Bchmidt.)—- 
2. OMtin which hadhecu kept tmdor water for a ytuir, was |)a,ri.ly dis- 
ftolyed and partly changed into a slimy mgsH, (Be-hlosHlH'rger.) 1’ho 
skin of silk- worms, wdiore freed hy means of waitu- and alenlnil fr<mi 
all adhering substances, is not percc[)tibly a,lt(u*e<l hy long boiling willi 
water; the water takes up, however, a small fpiantiiy of a uitrogenotiH 
substance which, when the solution has been <3va|)orated to a, Bmall 
bulk, is precipitablo by tannic acid, chlorine, or alcohoL It tliuB a|)j)ea.rB 
that gelatin is hereby formed from the skins. (Lafisaigne.) Ghiiiii, 
heated to 280® with water in a sealed tube, becomes brown and brittle^ 
but is not dissolved or otherwise altered. (Bchmidt.) — Ohltin dis- 
solves in warm oil of vitriol (Chlior.) Oil of vitriol wi (h i| at- wat(?r 
disintegrates and immediately dissolves it; oil of A^itriol with. 8 at. 
water disintegrates it after some lionrs. (Paynm.) When immerH(u1 
in oil of vitriol, it becomes iransj)ar(mt, nufUs at tlu^ ('dgAus, and is 
completely dissolved aft(;r a ((narter of an hour. (B<*liIoHKli('rgm*.) it 
swells up ill oil of vitriol and dissolves without t^olora f ion ; {li (3 Holnlion 
becomes coloured on standing, and after 4H Isonrs i(, is blank, lias 
deposited a small quantity of inHolublomatku*, has a choking huh*!!, and 
contains acetic acid and an amrnonia-HalL (Hclimidi.) The eofom;- 
less solution of chitiu in cold oil of vitriol is not precdpitatcMl by wafer 
after a few hours; but on nontvalising it with carbonate <ir Imryfa,, a, 
soluble baryta-salt is obtained, wiiile the solution iumuuliiitely r('thieeH 
potassio-cnpric tartrate. (Studeler.)— Wlien chitin is di(TnHe*d in (ul of 
vitriol and the solution dropped into lOOthm^s its own weight a! water, 
then boiled for an hour and afterwards neutralised witli clmlk, sugar is 
obtained on evaporation. On the kind of sugar sec p. 342. (Ikadhcdot.) 
When chitin is boiled with moderately dilute su][)huric acid, as dcscrilK'd 
at page 415, the undissolvcd and undccomposod portion being rmnow'd, 
the acid solution evolves ammonia when suporHuturatod with linm, and, 
after evaporation of the filtrate to a syrup, amovphoim sugar rmnaiim 
which easily induces cupric tartrate. Ho tyrosim*, kniciiie or glYcocxd 
accdihpanies the sugar, but it _ contains a small (juaniity 'of an 
amorphous substance. (Btiidoler.) Seo Stadolor^s c«piatiou foie tliU dccoai- 
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position, p. 342). — 4. Chitin dissolves in concentrated hydrochloric add 
witliont change of coinin', (Schmidt.) The skins of insects when 
iinincrscd in hydrochloric acid containing 0 at. water, become trans- 
parent, are disintegrated, and, alter a few minutes, dissolved. After 
neutralisation of the solution by alkalis, tannic acid throws down a 
precipitate containing nitrogen. (Fayon.) — Chitin maybe bleached 
])y chloride ofpotadi or ofmla. (Lassaigne.) A cold, saturated aqueous 
soliiticon of chloride of lime quickly destroys the^skins of insects (Payen). 

5. Cliitin is coloured orange-yellow by soliitlon of iodine (dark 
brown-red by iodine-water : Stddele ^*) ; addition of oil of vitriol 
occasions disintegration, but neither wolet nor blue coloration. (Payen. 

' — ^Seo the statements of P^ligot, p, 415, and those of Rouget, below.) — 6. Chitin 
is not coloured by nitodc acid^ but quickly dissolved. (Odier, 
Lassaigne.) It dissolves in concentrated nitric acid without change of 
colour (Schmidt), in an equal quantity of cold nitric acid with 4 at. 
water. (Payen.) — Crabs' claws immersed in nitric acid, become 
transparent after a few moments ; if the acid is drained off, the mem- 
brane retains at first its original form, but afterwards deliquesces to a 
colourless liipiid, beginning at tbo edges. (Payen.) — 7. Chitin is not 
altered by ebullition potash-ley (Odier), orwlicn heated with a solu- 
tion of 1 pt. potash-hydrate in 3 })ts. water. (Lassaigne.) It remains 
unchanged when heated for days with very concentrated solution of 
potash, and whim heated with potash-ley to 210“ in a scaled tube, it 
behaves as wbcu it is beatcid with water. (Schmidt.) When fused 
with solid hydrate of potash, it evolves ammonia without charring, 
leaving a residue which is soluble in water. (Payen.) The mem- 
branociiis (issue of the articalaia, either in its original condition or when 
the inoriistations have been dissolved by hydrochloric acid, gives the 
rose-red coloration, characteristic of the nitrogenous tissues, when 
treated with mercuric nitrate, and the orange-red coloration with 
nitric acid and ammonia, but with iodo-chloridc of zinc (p. 140) it is 
(joloured uniformly violet. After ehullition with potash-icy of 40®, 
whereby it rcinains unaltered as to external appearance and as to its 
appearance under the microscope, it more quickly assumes an 
intenser bluish violet colour when treated with iodo-chlorido of zinc; it 
still, however, remains unattackable liy concentrated potash-ley, acetic 
or tartaric aci<l —-If chitin is boiled for half an hour with 5 times its 
weiglit of potash-hydrate and such a (piantity of water that the mix- 
ture would immediately solidify if allowed to cool, a large quantity of 
ammonia is liberated, and lialf the chitin is dissolved. The residue 
aptXJna’H unchanged when examined under the microscope ; it is trans- 
])arcnt, gelatinous and easily comminuted when moist ; iTi the dry 
state, it is dull- whi to, very ‘light, and micaceous. With tincture of 
iodine, or witli iodine and dilute acetic acid, this residue becomes violet 
throughout; iodo-clilorido of zinc colours it pure blue. It dissolves 
almost instantly in acetic acid, tartaric acid, oi: in warm water con- 
taining 0*5 p. c, hydrochloric or nitric acid, and is precipitated from 
tlicso solutions by alcohol or by aqueous alkalis as a semi-transparent 
paste, which dries up to a yellowish, translucent gum. Tim acid solu- 
tion and the precipitate are coloured reddish violet by a few drops of 
biniodidc of potassium. This substance, EougePs modified chitin, dis- 
solves in oil of vitriol with yellow or brown colour, and is precipitated 
by water, from the freshly prepared solution, as a white powder. Tlu^ 

VOL. XV, 
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solution IB less completely preci]utate(l by uoitei’ niU'V hi n Ir t 

to itBclf fm 12 ov 24- ImurH, and is tlnvu loimd In coniam HU|.pii. I hih 
modified cliitiu romaiim soluble in aeidH uHnr bemp' iiiveipibibHl h} 
alooliol or by alkalis, and still <!oidaiiis nitro^mi. ( IvmignJ, ( ompf. mmL 

48, 71)11 — See also i 

Oliitin is inBulul)I(!“ w waUr, a(|U(MUiH , and tiieuM, 

Actpeous cupwniviouia doori not atiatjk it in the HmaUeHt degieo* 

(Stadeier.) 


Myronic Acid, 


Lunw|G <fe LArfOia, Zeitmh\ Oh. IViann, 8, 4)10 and 577. 

Afji'fW'ffwre, See x, 55, alan p. 510 of thia volume.— “lb '('Og'niHod UH a gilU’O** 

Hide by Juidwig* bangOj its vtny (oxistmun baviuK beeu iirtnuoimly 
cfi-llod in question by Thiolau {Oham, Vierlelj* 7? H'd) ^‘'Bd otbem. 
Bctircoly Ijuowp. ewpt li^ tbo Ibrui of potaHii-Hulb 

Ih^epofration &f Myrouate oj PotuBh.‘^Yo\* x, p. 5H, One pound ol 
black mustard yields from 1 to 3*5 gnus, of crysialH, 

PropeHm of the PoUtsh-salL — OulonvkiBH ueedk^H, posst'Bslng' li. 
cpoling, bitter taste. Neutral. Bcarctdy Iohos weight at l(IO‘b 


a. Cakzilation according to Imdwig & Lange. 


20 C 

.. . 

120 

29*40 

N 


14 

3*43 

10 u 


19 

4*0.5 

4 S 


04 

15*0H 

18 Q 


144 

35*28 

KO 


47*2 


0»NH“B<Oi®,KO .... 

40B‘2 

100*00 

h. tJaknhHm meording to 'Will & KU»n«r* 

Ludwig Langtp 




at lOOL 

2Q Q 


28*90 ... 

89*08 

■N 

14 

..mm., m n, 


18 II 

1? 


........ 4*91 

4 S 

U 

15'4I 


19 0 

m 


84*02 

KO 

4?-2 

11*30 ... 

11*20 

C“NH>aKS^Q“,... 

415:2 

100*00 ... 



Tbe salt ased for analysis contained about 1 p. c. of Hme for whudi an rqwivii- 
lejit quantity of potash was substituted in calculating tho results.— Will k Kiirner 
(An^. PAarm. 110, 376) give, without further details, the formula which coutoliu thi 
elomepts of glucose, oil of mustard, and acid sulphate of potash. 

decompositions of the Fotmh-saU., — 1. Wlieu heukd^ it buriiM witit 
a pbokipg Bmoll, leaving Bulphato of potauband chamml 2. CJluim 
wberi unatbd witu concou traced mid} and twulvew a ^tnnli of 
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garlic, Myroiuiio cf potasli, boilfui wiili diluix^ 
yiddn a Ii(juid whicdi docn not Icrnu'ut; {ifU'.r lunifralmaiam of (,ho 
add, bill, rcdnc.cH (aiproim (hs:id(^ iVoin alkaliiu^ cupru*. HohiiiouH. — 
d. i)(icoiu}Hm<Ml, by «iqu(M)UH ammoma^ with fornialioii of Htilpliuric. acbb 
•*-5, HocouuiH ytfllow wluai boiltul with //o^a.s7/-/ry, cvoIvom luimioniu, 
aud, afit'i* atidiiioti of liyilrodiloric- acbl, off liydroHuiphurio 

add, wliih' a Huga,r wlfudi nabau'w alkaliia^ (‘.nprtc HointiouH, rciiuiiuH 
dtHHolv(ML «« Cu A Holulion, miKiul with bavifUirnmfer bctuaiK^H tiirlnd mi 
hdhng, from Hopa, ration (jf Hulpliatii of baryta, and <ua>lv<*H uiuiuotiia j 
altfa* addition of liy<b'oddorio add, it i^volvcH bydroBulplrnric 
a.m} <"!irboni(‘- a, (‘ids. Jiobs lik(( ba,ryia-\vnd('r. — 7. With 

pi'vftxiiloridi' vf fin, it forms liydromilphurio acid a,nd protoHulplud(‘ of 
tiin — 8,^ Throws down white pn*(MpitaU‘H from nvufuU \uu\ from 
nwiatiuif on boiling.— Us aipu^oiiH Hohdion is eolonrod brown- 
n‘d wlnm boiled with ferrk (‘hlandr, and, on addition of nitric acid a.ml 
(‘hlorldc of barium, (h'poKits snlplmb^ <,if baryta a.iid loH(n-i its (‘ohmr. 
— 10. Ib‘duc<‘s niviruronn ni/i'<ffr to ilu^ imdalluj Htad(( on Ktanding, a, ml 
mt^rcnrir. vhlunuk to (‘idomcl wlum heated. — 1 1. OIh' solution minc'd with 
atpuMnis niinth' of .s'/Zccr rmnains cl(‘a.r ad lirst., but afOn* a, dnv mijiutcH, 
yifddH a wbiti^ precipila.t.e, wliidi disHoKam wlum lusded, the smell of 
oil of mustard being tlum ('voIvimI, and snlplnih^ of silvm' (hqiositcd, — 
I2. It renders tlu' c.olouref hicldovidv of phpiiiuia fM'kov on Imiling, and 
S(‘parat«‘s brown flocks fnnn (orvldorok <f tjuld.-^^^ Id. In (’outmdi with 
water and mpromn (x. hd), al. iluj common {cmpin’alnnq it. splits up, 
williont ('Volution of gas, forming oil of mustard and sugar: tlius, 
according to ImdwigA' hnngim 

(';"NHOhh)'",K() -■ -i< K(U8tP + VMlWK 

Tlu' Ihpnd whi(di nmiains, after distilling off the oibof immiard, is add, 
has Ji milky turbidity caused by Hiqiaratcd sulphur, and contains d of 
tin* Hulpliur of the myronatc oi‘ iiotash as snljdiatc of poiasln With 
yeast it (woUam a (luaniidy of (;arbmdc aedd <5om‘H})onding to as much 
glia'OHO as would mnount i.o p. c. of the myronate. of potash ; 

latt, after ebullition with dilute Hulphuric acid, it evolvt'S mons so that 
altogctlmr glucose amounting to *15 p. e. (»r tlu^ salt, is indiea-t(‘d. In 
a sc?cond expHunment, 1 <*hh <m(‘rg(‘ti(^ myrosin formed only IH'tl p. e. 
glucose; in a, third experhmmt, hardly ilny,— Id. IPrr-pomf; dot's not 
ctuuH) myronaiiH of pot.asli to fcnmuit. (biidwig hungc.) 


Arlmtin* 

ICAWAWKin ir/crn Ahul. 'Dm\ 1), 2111; »/. p-t\ Clum* 58, 

84, f15l5; 'Pfmrnu (Mdr* 4852, 7<U ; (Jhow, (Jaz* 1858, <11 • 
-- Annmim^ement id tdio results, Ann* Pham, 82, 241- 
Al>. HTORCKEn. Milwh. Akad, Ikr* Wn dU ; Afin, 1,07, 228 ; 

,Ah da/n Ohm, Php, 54, 814; Hdp, €kim* I, 67- -“*"/! wn. 
Pliurm, 118, 202 ; Mjk Ohim, 4, 77. 

Ocmmm, In the Immn of jLmmtuphifh$ Utm Uni 

2 » 2 
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FrejMration, The extract of the leaves is precipitated with basic 
acetate of lead, and the filtrate, freed from lead by sulphuretted 
hydrogen, is evaporated to crystallisation. The ciystals arc purified 
by xecrystallisation with help of animal charcoal. (Strecker). Kawa* 
her precipitates the extract with sugar of lead, boils down the filtrate 
in a retort, removes any lead-salt which has separated, and passes 
hydrosulphuric acid into the liquid. The solution filtered from the 
sulphide of lead is evaporated to a syrup, and the arbutin, which 
crystallises out after several days, is purified by pressure and rccrys- 
talhsation with animal eharcoal. 

Properties, See hydrated arhutin. Hydrated arbutin loses water at 
100° (1 at. : Btrecher)^ without becoming opaque, and is converted 
into anhydrous arbutin. Tastes bitter. Melts at a liigii temperature 
(at 170° : Strecher) to a clear, colourless liquid, wliicli solidifies on 
cooling', to an amorphous cracked mass. (Kawmlior.) — Neutral. 





Kawalier. 

Strecker. 


at 100®, or fused,. 


mean. 

mean. 

24 C 


52-94 

.... 52*46 ... 

52*8 

16 H 


5*88 

.... 6-11 ... 

5*9 

14 0 

112 .... 

41-18 

.... 41*43 ... 

41-3 


272 .... 100-00 .... 100*00 ........ lOO'O 

Kawalier formerly gave the formula 


Decompositions. 1. In contact "with eniulsin at the common tem- 
peratui-e, it splits up after several days into hydroldnone (Kawaher’s 
urctuvm) and glucose. (Kawaher.) 


CpmiBQu + 2H0 = (Streoker.) 

Ebulhtion with dilute sulphuric acid has the same effect. (Strecker.) 
The hydrokinonG may be extracted by ether from the mixture left on 
evaporation (Kawalier), or from the solution after ebullition with 
dilute sulfuric acid, (Strecker.) — 2. Easily converted into kin one and 
loimic acid by peroxide of manganese and sulphuric add. (Strecker.) — - 
3, Becomes yellow or red when chlorine is passed into its aqueous 
solution, and deposits shining yellow crystals of chlorokinonc, bitdiloro- 
ianone, and perhaps products still richer in chlorine. Bromim forms 
bromokinone, partly crystallised bromarbutin. 
(tott-eexer.) --4. Dissolves easily in concentratedhw'inh ceze?, forming a 
yellow solution which does not deposit ciystals when evaporated, but 
gelds a precipitate of binikohydrokmone when mixed with alcohol 


Water.- A. Hydrated ArUtm. Long, colour- 
needles of a silky lustre, wMoh lose their water 


24 C 

17 H 

Air-^dried. 

Kawalier. 


.. 51*24 

.... 49-93 


.. 6*05 

.... 6-32 

15 0 . 


.. 42-71 , 

.... 43-75 


Strecker. 

ol-O 

(>•3 

42-7 


C^Hieow + Aq. 


281 .... 100*00 lOO'OO 


100-0 
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B. Aqueous A7'lutm, — Arbntin dissolves very easily in boiling 
water j less easily in cold water* (Strecker.) 

Arbutin is not precipitated by metallic salts ; at least not by hasie 
or neutral acetate of lead^ or by ferric salts, (Kawalier.) Wlicii mixed 
with cupric sulqjhate and excess of potash-liydratc, it forms a deep- 
blue solution, from which no cuprous oxide is precipitated on boiling. 
(Strecker.) 

Arbutin is soluble in alcohol and in ether, (Kawalier.) Scarcely 
soluble in ether. (Strecker.) 


Aqypendix to Arhutin. 

1. Binitro-arbutin. 

Ad, Steeckek. Ann, Fliarm* 118, 292; Itep, Cldm, pure^ 4, 77. 

Arbutin is dissolved in concentrated nitric acid, and the solution is 
mixed with several times its bulk of alcohol. 'When the mixture is 
left to itself, needles separate out, their quaihity increasing as the 
liquid evaporates, so that at last the niother-licpior dries up to a dark- 
yellow aniorplious mass, from which biiiitro-arbntiii can still be obtained 
by neutralisation with carbonate of baryta, ajid extratttion with boiling' 
alcohol. 

Bright yellow, thin needles, which melt when heated and solidify 
in the crystalline form. Loses 9 '35 p. c. water at 100® (calciil. : 4 at 
= 9-0 p. c.) 


u c 

at 100^ 

144 

.. 39-7? .... 

Strecker. 

mean. 

14 H 

.... 14 

.. 3-86 .... 

4*1 

2 N 

.. . 28 

.. 7*74 .... 

8*2 

22 0 

.... 176 ..... 

. 48*63 .... 

47*0 


.... 3G2 

.. 100*00 .... 

lOO'O 


Decomposed when boiled with dilute ivltric acid, yielding binitro- 
hydrokinono, 

Easily soluble in, toater, Tlic solution docs not precipitate metalhc 
salts, slightly soluble in alcohol; insoluble in ether. 


2. Eesin from Arctostaphylos Uva ITrsi. 

Kawalier* Wien, Ahad, Ber, 9, 297. 

The mother-liquor remaining in the preparation of arbutin, accord- 
ing to page 420, yields, when mixed with liydrochloric or eulphuric 
acid, and warmed, a precipitate of a resin, which may be purilied by 
solution in alcohol, and precipitation of the solution with water. 
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Brittle, black resin, easily reduced to a ctark-bi‘owu powcldr, wliich 
melts when heaUd"^ and burns with a smoky dame. 



at 100'’. 


Kawaliei*. 

Rn r. 

480 .. 

.. 02-90 ... 

02*95 

35 H 

35 .. 

.. 4-58 

5-06 

31 O 

248 .. 

.. 32-52 ... 

31*99 

Qsoiqsooai .. 

703 .. 

.. loo-oo .. 

100*00 


So, according to Kawalier. — Perhaps it is and is produced from artutin 

by loss of 5 at. water (calculation: 63-4 p. c. carb., 4*84 liydrog.). [Kr.] 


Amygdaliiii 




Kobiqijet & BouTKOH-CHAnLA-ED. AtUK CMm. Phys. 44, 362; Pogg, 

20, 494 ; Schiu, 61, 223 ; N. Tr. 24, 2, 198. — /. Pharm. 23, 605 ; 

Anfi.PMrm. 25, 176. 

WoHLBE & Liebig. Ann, Phurm, 22, 1 ; Pogg, 41, 345. 

DisBOYered by Kobiquet & Boutron in 1830. The relation of amygdalih to its 
products of decomposition, ahd the part it plays in the production of oil of bitter almonds 
(xii, 20), were Erst explained by Wobler & Liebig's investigation (1835). — Amjgdalitt 
■was the first known example of a sttbstance yielded sugar as a product Of 

decomposition. 

Occm'renee, In bitter almonds, the kernels of Amygdahs mnmunk^ 
mr, amam {Handb, viii. Phytochem. 14. Robiquet & Boutron.). — The 
almonds contain amygdalm ready formed ; it is not first produced on 
treating them "with alcohol. If the concentrated aqueous emulsion is 
mixed, immediately after its preparation, with a very largo quantity of 
absolute alcohol, the pulp pressed between linen, and the liquid 
filtered, boiled, filtered again, and evaporated, crystallised amygdaliu 
remains behind (Wohler & Liebig). In this manner, amygdaliu imiy 
be obtained from the emulsion of dry but not of fresh almonds, which 
latter perhaps do not contain amygdaliu ready formed (Winciclm,’, 
Pepeii. 65, 16). 

The following plants or part of plants either yield crystalliscjd 
amygdaliu,— or on subjecting them to the Usual process for the pixj- 
paration of amygdaliu, an extract is obtained (Vvinoklor^B mmrphrms 
mmjgdalin\ which, when treated with almoud-milk, yields prtissic acj’d 
and bitter-almond oil, but does not deposit any crystals of amygdaliu. 
In other cases, the existence of amygdaliu is indicated by tlnj presence 
of prussic acid in the tvateiy distillate, although no attempt may have 
been made to separate it : (See also vii, 389.) 

^ Amygdaliis persica {llandb. viii, PhjUchm, 14). Peach-kornels con- 
tain about 3 per cent, of crystallised amygdaliu (Gcisclor, Ikpert 68, 
289) ; the leaves contain amorphous amygdalim — Pnmm LminHmxmiH, 
The lipe kernels contain cryatalliBod amygdaliu {liep&u 05, 14); tiu) 
totes, amorphous _ amygdaliu (Widtmann, IkpiH, 45 , 429 . 

Mepert. 45, 434. Liebig & Wohler, Wincklerj Simon, AmhXdmrm, 31, 
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263* — Lepage, X CMm. med 24, 365 ; aLfitr. N, J. Pharm. 15, 40).— 
Prvmis avium, Cliony-stoncs contain amorplions aniygclalin in quantity 
sufficient to yield as much prussic acid as corresponds to 2*1 p.c. crystal- 
lised amyg’dalin (GeiBclcr, PepevL GO, 2(S9. — Wincklcr). — The green 
parts of the clieriy-trco do not yield a distillate containing prussic acid 
(Wicke, Ann, Pharnu 79^ 82). — Prunns domeatica. Plum-stones contain 
crystallised amygdalin, together with a peculiar hitter suhstance 
(Wincklcr, Repert, GO, 327). The distillate from the very young shoots 
con tains prussic acid; that from the older shoots contains none. ( Wioke.) 
A distillate containing prussic acid is obtained from the leaves of 
Primus mprickla, the bark of Pr, vivginiana, the flowers (Zeller), and 
the kernels of Pr. Spinosa (Enzj Phamii Vurtelp 6, 179)^ but not from 
the budSi leaves, root or bark of Prumis Mahaleh (Wickcj Arnii Pharm. 
79, 82 and 81, 241). — Primus Padus. From the fruit-kernels, ileiimann 
(liepert, 75; 221 and 300) obtained 1|- per cent. ; from the flowers, 
leaves and bark, Riegel {Jahrh. pm. Pliarm^ 4, 342) obtained from f to 
1 p. c. of crystallised amygdalin ; the plant also contains amorphous 
amygdalin (Riegel ; Wincklcr, JaUrh. pr. Pharm. 4, 345 ; Heumann, 
Simon, Widtmann, Denk). The distillate from the bark and leaves is 
richer in prussic acid in December than in the earlier part of the year 
(Wicko, Ann. Pharm, 81, 241). 

The following Pomm {Ilanclh. viii, PhjLochmi’. 16), — Cratergus 
oxyaemtha, Cotoncaster vulgaris, Amelamchier vulgarm (poi Pynis Mahs), 
SorJjus Auenparia, S. In/hrida and S. fmininalis — ^yiclda distillate contain- 
ing prussic acid. The amygdalin accumulates in the buds and bark of 
these plants during the autumn and diminishes dnriiig the period of 
growtii. (Wicko, Ann. Pharm. 79, 79, and 81, 249). — The leaves of 
slirubby spirams {Ilandb. viii, Pliyiochem. 15), Bpircea Armeds^ 
S. sorhifoUa and S. japonica yield prussic add, Whereas the distillate of 
licrbaceous spirams contain cither salioylous acid or neither of those 
acids (Wicke, Ann. Pham. 83, 175 \ compare xiv, 235, and liandb. viii, 
Phyiochmi. 15). 

Preparation. 1. The paste of bitter alnionds freed from fixed oil by 
strong prcssitre is twice boiled with alcohol of 94 or 95 p. c., and the 
residue is strained and pressed; The oil which still separates on stand- 
ing is remoted, and the liquid after filtration is sot aside, a small por- 
tion of the amygdalin then crystallising out. The remaining liquid is 
ilistillod till only a sixth ])ortion of it remains ; the residne is inixetl 
with lialf its vdlnme of ether wliich precipitates the amygdalin j thO 
crystalline pulp is colkmted on a fiiior, pressed between bibuloilB paper 
renewed till it no longer takes iqi any fixed oil, — then shaken up, and 
the am^^gdalin washed with ether, till this lifptid evaporated on the 
water-bath no longer leaves a film of oil; and finally recry stalliscd from 
boiling alcohol (Liebig & Wolilor). 

Bitter almonds thus treated yield 2 J p.c. amygdalin;*— Weaker 
spirit likewise extracts sugar atid other "substanceB from the almonds, 
decomposes the amygdalin, and renders the purification difficult j if no 
ether is used, part of the amygdalin remains in the mother-liquor after 
tliG alcohol is evaporated. It is not necessary to distil off more than 
half tlie alcohol, as ether will thou precipitate nearly all the amygdalin 
from the residue after a few days* (Liebig & Wfihler, Ann. Pharm. 
23, 329 ; Conipare t\m sitailar protiefis of Edbiqa^t & Boutfon ; also ilml of 
Troramsdovff, Ann. Pharm. 27 , 224 ). 
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2, The paste from 6 pounds of bitter almonds is boiled for an hour 
with 12 pts. alcohol, strained through sack-cloth and pressed, and the 
residue is boiled with 9 pounds of alcohol, and pressed again. Tlie 
extracts when cold, are freed as much as possible from fixed oil by 
decantation and filtration, then from alcohol by distillation, and strained; 
the greater part of the fixed oil which still remains, is then left on the 
cloth in the form of a frothy mass. The crystalline pulp thus obtained 
in the course of 24 hours is triturated and washed with cold alcohol, 
pressed between Ihien, and crystallised from 2 pounds of boiling alcohol. 
By this process, large bitter almonds yield about 3 per cent., the 
smaller Mud, 2*2 p. c. amygdalin. (Bette, Ann. Pliarm. 31, Ml.) 
Winckler (Repert. 65, 1), and Hanie 67, 38, 3 ; Jahrb.pr. Fhann. 

2, 163) proceed in a similar manner. — 3. Bitter-almond paste is boiled 
with alcohol, the tinctures completely freed from alcohol by distilla- 
tion, and the syrup, after dilution with water, is mixed with yeast. 
When the fermentation is ended, the liquid is evaporated to a syrup, 
and mixed with alcohol, which throws down nearly all the amygdalin 
as a white crystalline powder, which may be pressed and purified by 
recrystallisation. The syrup obtained by evaporating' the feriuentcd 
liquid might also be boiled with alcohol and filtered hot. (Liebig <}& 
Wohler, Ann. Pharm. 24, 45). 

The amygdalin remaining in the mother-liquors may be utilised by 
decomposing it with almond-milk, and distilling off the bitter-almond 
■water. (Hanle.) 

Amorphous Amygdalin. Chopped laurel-leaves are digested and 
boiled with alcohol, and the mass is strained, pressed, and freed from 
alcohol hy distillation. The residue is freed from chlorophyll by ether, 
and from tannin by precipitating the solution with nitrate of lead ; the 
lead is removed from the filtrate by snlpliate of soda ; tbe liquid is then 
evaporated, and the residue boiled witli absolute alcohol. The extract 
when evaporated leaves an amorphous, yellow, tough resin, which when 
redissoived in absolute alcohol leaves a small quantity of sulphate of 
soda, and may be partially decolorised by animal cliarcoal. TJic dark 
yellow, transparent residue dissolves readily in water and alcohol, not 
in ether ; it tastes like salicin and yields with almond-milk iJic same 
products as amygdalin (Winckler, Pepert 65, 1). Simon agitates 11 lo 
tincture of di'ied laurel-leaves with litharge, and evaporates tbe wine- 
yellow filtrate, which is free from lead. The light bi’own extract ca.n- 
not be made to crystallise, but it exhibits with almond-milk and baryta- 
water, the same reactions as amygdalin. (ri.w«. Pharm, 31, 203.) 

Properties. Crystallised amygdalin (seeTbelow) contains water, from 
which it may be freed by continued heating to .120° (Liebig k A¥oldcr). 
It melts at 200°, and solidifies to an amoiplious mass, whicli, if again, 
heated, melts between 125° and 130°. (Wohler, Ann. Pham,. 41, 
155). Inodorous, tastes sweet at first, afterwards bitter. (Robiquot 
& Boutron.) Neutral. Lmvo-rotatory (see p. 428 .). Does not act as a 
poison taken internally. Only in two instances, Wohler & ihorichs 
saw dogs fall ill after taking large quantities of amygdalin ; in these 
cases, they [as well as Widtmann {Pepert. 45, 429) and Denk {Pepert. 45, 
434)], observed an^odourof prussic acid in the breath, which odour 
was likewise emitted by the urine after addition of almond-milk. 
(Wohler & Frcnchs, Ann. PJiann. 65, $37 ; Ohm. Gaz, 148, 229.) 
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Liebig 

CMozza. 


at 120^ 


& 'Wohler. 

mean. 

40 c 

240 .. 

.. 52*51 

.... 51*54 

.... 52*20 

R 

14 .. 

.. 3-06 

.... 3*06 


27 H 

27 

.5*91 

.... 6*00 .... 

.... 5*95 

22 0 

176 .. 

.. 38*52 

.... 39*40 


C-kinHWO®! .. 

457 .. 

.. 100*00 

.... 100*00 



See also Liebig {Ann. P7^(2m. 18, 327) j Henry & Plisson^s analysis {J, Pharm. 
16,009). Mulder (J, CJiem. 15, 453), found 2*8 p. c. nitrogen; VaiTentrapp & 
Will {Ann. Pharm. 39, 282) found 3*04 p, c. 

Amygdaliii contains the elements of prussic acid, bitter-almond oil, and sugar 
(Wohler & Liebig), or those of 1 at. cyanide of benzoyl (C^‘‘H®0‘^,Cy) and 2 at. gum 
(Wohler, Ami. Pharm. 66, 238). It may be regarded as formed by the union of 
5 groups of atoms, the conjugation of which is attended with the elimination of 8 at. 
water i 


C40NH27O23 + 8HO = + NH^. 

(Piria, P/wm. 96, 381). See also Gerhardt {Precis 1, 148; N. Ann. Chm. 
Phys. 7, 137). 

Dccomimitiom. 1. Anaygxlaliii melts when heated^ to a transparent 
liquid, wliicli turns brown (at 1G()°, according to 0. Schmidt), and gives 
off an odour of ^caramel, then of wliitc-tliorn, together with an empyreu- 
matic animal odour (Rol)i(]nct & Boutroii, Widtraami). — 2. It is not at all 
altered by ozone at the tcmpcrtitiirc of the air (Gorup-Besanci::, Ann. 
Pharm. 110, lOG). — 3. Heated with acfr?, it yields benzoic acid 
(Kobiciuct k Boutron) and bitter-almond oil (Pcligot). — 4. Aqueous 
arnygdalin is not altered by beating with mercuric oxide ov peroxide of 
mangmme; but on addition of a small quantity of dilute sulphuric .acid, 
carl.)onic acid escapes with violent action, while bitter-almond oil, ben- 
zoic acid and formic acid pass over, and an ammonia-salt remains in 
the roBiduo (Wohler & Liebig). — 5. When aqueous arnygdalin is 
gently heated with permanganate of potash^ the solution becomes 
decolorised, depositing hydrated peroxide of manganese, while cyanate 
and benzoate of potash, produced by the reaction, remain dissolved : 
the former is decomposed at the boiling heat, in consequence of which, 
ammonia escapes and the residue becomes alkaline (Wohler k Liebig). 
— 6, When arnygdalin is immersed in potash- or soda-ley, and iodine or 
hro'iidne is addesd till the li(piid becomes permanently coloured, a larg’c 
quantity of bitter-almond oil is formed (Lifert, CompL rend. 23, 229). 
—^7. Dry chlorine gas, does not act u}K)n arnygdalin; but in presence of 
water the mass swells up, and a white, inodorous, friable substance 
is formed, insoluble in water and in alcohol. (Robiquet k Boutron.) — 
8* Amygdalin dissolves with light violet-red colour in oil of vitriol 
(Winckler). On boiling it with dilute sulphuric acid, small quantities 
of bitter- almond oil and formic acid arc volatilised, and an additional 
quantity of the former after the residue has been neutralised with 
potash-ley. On neutralising with carbonate of baryta and evaporating, 
an amorphous baryta-salt is obtained, and the solution exhibits the 
power of reducing cupric salts (CMozza, Qerk Traite\ 3, 200). — 
9. The solution of amygdalin in fuming hydrochloric acid acquires a 
yellow or brown colour when warmed, and at a higher temperature 
deposits black-brown humous substances, the filtrate when evaporated, 
leaving a mixture of humic acid, sal-ammoniac, and maiiclelic acid 
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(xii, 57), the last of which may ho dissolved out by ether. If the 
liquid is evaporated at a temperature above 100°, part of the maudelic 
acid becomes amorphous (Wohler, Ann. Fliarni. CO, 2;]0). Alcoholic 
hydrochloric acid appears to form amygdalate of edliyl (p. 4;3()). By 
boiliug with dilute hjdrochlonc acld^ amy^gdalin is easily conv(‘.ii;o('l, 
without colouring’, into bitter-almond oil, sugar, prussic acid and formic 
acid (Ludwig, W Fr. Arch. S2, 138; 87, 273).-^10. By boiling with 
2 ) 0 tash-ki/, it is decomposed, with evolution of arninonia. (Itobiipiet & 
Boutrou, Widtmami.) Amygdalic acid is formed as a second product 
(Wohler & Liebig) : 

C40NH2ro22 + 2H0 ^ + NHL 

100 pts. atnygdaUli yield 103*57 pts. amygdalate of baryta (Wblilcr & Liebig). 
Amygdalin, by conversion into amygdalic acid, acquires an iuertiase of rotatory power. 
(Bouchardat, Compt. rend. 19, 1174). A similar result is produced hy 
boiling with haryta^water ; hut wdicu arnygdalin is triturated with 
anhydrous laryta and gently'' warmed, a violent reaction takes phic(}, hy 
whicli ammonia is evolved, together with a white vaiwur whicli coji- 
denses to a colourless oil, and the brown residue contains carbonate of 
baryta. (Wohler & Liebig.) 

il. In contact -^th the emulsin, of almonds (or with almond-milk) 
aqneou^ arnygdalin is decomposed, with formation of bitter-almond 
oil, prussic acid and sugar (Wbhler & Liebig). 

+ 4HO = C^NH + + 2C12H12012, 

On the feiigar thus produced sSe pa^e .Sil, 

WTien bitter almonds are freed from fixed oil by ether, the hesidtie 
dissolves almost completely in water, to a faintly opalescent liquid 
from which alcohol throws down the emuhm in flocks. These flocks 
dissolve hi water even after chying, and the solution becomes turbid 
bet'ween 60° and 70°, and solidifies at 100° to a stiff paste no longer 
soluble in water. Emulsin which has been dried is still capable of 
decomposing arnygdalin, but that which has been coagulated by heat 
no longer possesses this power. When bitter almonds are com])Ietely 
freed from arnygdalin by exhaustion writh cold alcohol, the ix'sidue, 
mixed with water, still acts on amygdaliu (Wohler & Liebig), but tlio 
residue left after exhausting the almonds with alcohol docis not exert 
this action. Nevertheless the reBiduo obtained by exhausting ih,o 
almonds with hot alcohol still yields, when treated with water, a solu- 
ble emulsin, which is coagulated by heat, and precipilated hy tanni(j 
acid, but no longer acts on amygdalm (Robiquet & Boutrou). 

The aqueous solution of almonds exhausted with etbcr becomes sojue- 
what more opalescent on addition of arnygdalin, but does not depneit any 
bitter-almond oil on cooling, whatever may be the quantity of arnygdalin 
or emulsin contained in it, because the decomposition of the amygdaliu 
goes on only so long as sufficient water is present to dissolve all the pro- 
ducts of decompositioin^ The mixture coagulates when distilled and gives 
oft considerable quantities of bittcr-almoiid oil, more if theuction has been 
continued for G oy 8 hours, than if the mixture is heated immediately. 

1 pt. of emuisin is capable of di'composing about 10 times its weight 
of amygdalm in 8 days, provided a sufficient quantity of water is pro- 
sent ( W abler & Liebig:-~Liebig, Ohemiseke Briefe, 172). When sweet 
almonds are triturated with a small quantity of water and a quantity 
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of sugar too iargc to dissolve completely, the odour of bitter-almond 
oil is not evolved on adding pulverised ainygdalin, but powerfully on 
subsequent addition of cold water. 

Besides bitter-almond oil, sugar, and prussic acid, other products 
arc forinod, probably by dccompoBition of those first produced 
Wohler & Liebig gave the equation, 

+ 2C2NII + + SllO. 

but they found more sugar than it requires {Handworterlmdi^ 2 Auli 
1, 766) : the foriinila of decomposition given above (p. 426) is therefore 
to bo preferred. If the sugar thus formed be decomposed by fermenta- 
tion, tlie residue becomes acid in consequence of tbe presence of a non- 
volatile acid (succinic acid? Xr. see page 275 ), If the solution is some- 
what concentrated^ alcohol throws down thick white flocks of gnm, 
perhaps produced by alteration of emulsin (Woblcr & Liebig). When 
amygdalin is gently warmed with emulsin and water, ammonia is given 
off. On agitating the mixture with oxide of silver, the previously acid 
liquid becomes alkaline, and gives off aimnonia when placed in a 
vacuum. Since cyanide of silver is also produced, 2 at. of amygdalin 
must be engaged in the reaction. (Dcschamp, J. Pharm. 25, 22 ; 
W. Aim. Chiin. Phfjs. 12, 3<S3.) 

The action of the emulsin is prevented by the addition of 1 pt. 
hydrate of soda or oil of vitriol to 100 pts. of the amygdaliTi, and 
retarded by an equal addition of lime, magnesia, ammonia, or carbonate 
of ammonia, hydrochloric acid or oxalic acid ; whereas l)icarl)onate of 
soda, most other acids and salts, alkaloids and volatile oils (especially 
oil of mustiird, arsenic acid, prussic acid, sulphate of copper^ and 
cyanide of silver) do not exert any retarding action. (Bouclmrdat, 
(jompt. rend. 20, 110.) 

^ It is only the emulsin of almonds that is capable of decomposing 
amygdalin, not the albumin of other plants. (Wohler k Liebig, 
KobiJpict k Boxltron.) If 1 pL of the * seed of bitter or sweet 
almonds, poppy, hemp, black mustard, or white mustard, bo triturated 
to a milk With B pts. water, the liquid precipitated with alcohol, and 
the precipitate washed With ether and alcohol, cmulBiii is obtained, 
capable of decomposing amygydalin, but in various degrees, and in 
dinerent tinlos. The strotigest action is produced by tlie emulsin of 
bitter abnouds. (E* Simon, Pof/f/. 43, 404.) Active emulsin may also 
bo obi/aiued from the leaves of the cliorry-laurcl and the bark of 
Priinm Padm. (Simon, Ann, Phana. 31, 263.) 

A mixture of BWeet-almond milk and amygdalin is recoratriendcd 
l)y Wdliler k Liebig, instead of l)itt(a'-almond water, afl a pUarinaceti- 
tical preparation containing a dolinite proi)ortion of prussic acid. 
{Ann. Pharm,. 22, 24, and 23, 829.) Such a mixture is less likely to 
spoil than almond-milk alone. (Ililnle, llepert. 67, 387.) 

11. Amygdalin is decomposed by a certain stibstaiioe in the yolh of 
egg, in the same manner as by emulsin (Barreswil, W. J. Fhmni 
17, 118). Dimtaee, Which has not boon heated, forms bitter-^ almond 
oil from amygdalin in a few days 5 a mixture of yeaet, sugat- Water 
and amygdalin, kept for some montlis, emits a strong odour of prussic 
acid. (Lobiquot & Boutron.) Amygdalin is not decomposed by yeast 
(ScblosHbergcr, Ann. Pharm. 51, 211), but in contact with yeast, 
bicarbonate of soda, and a large quantity of water at 17®, it emits the 
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odour of Mtter*alDQond oil, and is completely decomposed, with forma- 
tion of formic acid, ammonia., and crystals soluble in alcohol and 
ether. (Ranke, J,p\ Chem. 50, 16.) 

Amy^dalin is not decomposed hy calf rennet (Wohler & Liebig), 
by the secretion of the pancreas (0. Schmidt, Ann. Fhcmn. 92, 35), or 
by saliva (provided it does not not act as a poison). — Ranke {I. pr. 
Chem. 56, 16) after injecting 5 grammes of amygdalin, together with 
milk, into the stomach of a rabbit, found that the acid urine contained 
forndc acid. 

Comhiiiations, With Water. — Amygdalin, when dry, greedily ab- 
sorbs from 2 to 3|- p. c. water. (W older & Liebig.) 

A, QaadroAiydrated Amygdalin. — Amygdalin crystallised by drying 
over oil of vitriol, or by separation from alcohol of 80 p. c., contains 
4 at. water. Colourless nacreous scales. (Wohler k Liebig.) 

B. Sex-hydrated {crystallised) Amygdalin . — Separates from the aqueous 
solution in transparent prisms, which, when left over oil of vitriol, 
give off 3*52 p. c. water (2 at. HO = 3*52 p. c.), and become less 
transparent; at 120'', they give off 10*57 p. c. water (6 at. = 10*56 
p. c.), being thereby converted into anhydrous amygdalin. (Wohler k 
Liebig.) Colourless right prismatic crystals having the character of 
Figure 55. «:w=127° O'; ««:Zr=113° 39'; i : I = 96'^ W. A 
second horizontal prism (corresponding to u of figure 53), as well two 
octahedrons could not be measured on account of the strong curvature 
of their faces. Cleavage very perfect parallel to i, but imperfect in 
the direction perpendicular thereto (parallel to % Fig. 6^). Lustre 
vitreous, pearly on i. The crystals, which are 10 mms. long, are united 
into bundles by the faces i (Keferstein, Fogg. 99, 293). — Lgevo-rota- 
tory; for amygdalin ( ? quadi*o-hydi*ated), dried at 15° over lime, 
[a]r = — 35*51°. (Bouchardat, Compt. rend, 19, 1174.) 


40 C 

Over oil of Vitriol. 
240 .... 

46*96 . 

0. Schmidt. 
46*69 

N 

14 .... 

2-74 .. 

2*57 

33 H 

33 .... 

C*46 .. 

6*65 

28 0 

224 .... 

43*84 .. 

44*09 


511 .... 100*00 .. 

100-00 


Amygdalin is easily soluble in water. The solution does not pre- 
cipitate any metallic salt. 

It is nearly insoluble in cold alcohol, but dissolves very eJisily in 
boiling alcohol ; the solution in alcohol of 94 to 95 p. c, still retains 
'2 ^ solution after cooling. 

Amygdalin crystallised from absolute alcohol ap],)cars to bold 
alcohol in combination, which is not easily I’emoved by heating. 
(Wohler k Liebig.) — Anhydrous and quadro-hydrated amygdalin dis- 
solve but sparingly even in hot alcohol ; but the solution obtained by 
dissolving sex-hydrated amygdalin in absolute alcohol may be evapo- 
rated to a syrup without yielding crystals, which, in fact, do not form 
till it has been left for some days in a waim place. (Winckler, Jiepert. 
65, 5.) 

Amygdalin is iiisolublc in ethe7\ 
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Amygdalic Acid. 

Q40]3;26Q24^ 

Wohler & Liebig. Ann, Pharm. 22, 11. 

Formation^ p. 426. 

Amygclalin is dissolved in baryta- water, the solution is boiled for 
a quarter of an hour, or as long as it continues to evolve ammonia j 
carbonic acid is tlien passed through the hot liquid, and the carbonate 
of baryta is separated by filtration. From the resulting aqueous 
solution of amygdalate of baiyta, 'aqueous amygdalic acid is obtained, by 
carefully precipitating with dilute sulphuric ' acid, and removing the 
sulphate of baryta, as a slightly acid liquid, which dries up to a gum 
when evaporated over the water-bath. The concentrated aqueous 
solution left for some time in a warm place, yields traces of crystals 
(Wohler & Liebig). — Lmvo-rotatory ; for the acid dried at 60° for 
several days [a]r = — 40T9°. (Bouchardat, Convpt, rend, 19, 1174.) 

It is not altered by boiling with immide of manganese ; but on sub- 
sequent addition of dilute sulphuric acid, it gives off carbonic acid, 
Formic acid, and bitter-almond oil. — When amygdalate cvf baryta is 
precipitated with sulphate of silver^ sulphate of baryta is precipitated 
having a brown colour, which becomes darker on heating, from separa- 
tion of metallic silver. At the same time an odour like that of formic 
acid, becomes apparent. 

Amygdalic acid deliquesces in moist air, and dissolves to a syrup in 
a small quantity of 'mater. 

The amygdalates are gummy and uncrystallisable. (Wohler & 
Liebig.) Tlio rotatory power of the acid is not altered by neutrali- 
sation with baryta or ammonia. (Bouchardat.) 

Amygdalate of Pgryta. — Preparation sec above. — Remains, when its 
jiqueous solution is evaporated, in tlic form of a gum, which gives off 
water at 140°, becomes wlute and like ]jorcelain at a higher tempera- 
ture, which may bo raised as high as 190'^, and is then easily rubbed 
to a fine powder, which greedily absorbs from 4 to 7 p. c. water, on 
(exposure to tlie air. 


40 C 

«n90". 

... 240'0 .. 

.. 44*91 

Wohler & Liebig. 
mean* 

44*35 

26 H 

... 26-0 .. 

.. 4*86 


24 0 

... 192-0 .. 

.. 35*92 

36*44 

BaO 

76*5 .. 

„ 14*31 

14*18 

C-iOH2«0“,Ba,0 . 

... 534*5 

100*00 

100*00 


So, according to WShler & Liebig; Gerbardt (TVaiY^ 3, 201) writes the formula 
C-'OH^SBaO'^SHO. 


Amygdalate of Lime, — Obtained by neutralising the acid with 
milk of lime, and filtering through charcoal (to remove the excess of 
lime ? ). liiDVO-rotatory ; fair = — 41*24° (Bouchardat, Compt mid* 
19 , 1174 ). 
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Amygdalate By double decomposition of tlio liine-salt wiib 

sulphate of zinc, and removal of the sulphate of lime with alcohol. 
Gummy mass, having- a molecular rotatory power, [a] r = - h)‘48'' 
(Bouchardat), 

Amygdalate of Lead, — From aqueous amygdalates, arnnioniacial sugar 
of lead throws down a white precipitate, which gTiidnally disBolv<‘s 
during washing*. (Wohler & Liebig.) 

Amygdalic acid dissolves sparingly in a([rieons aleohf but is 
insoluble in absolute alcohol, whether cold or boiling, also in ether. 
(WShler & Liebig*.) 


Amygdalate of Ethyl. 

Anm Fharm GG, 240; /. pr, C/im. 44, 382; Phavni. (Lntr. 

1848, 840. 

Amyg&alic ethers Amygdalmsdurevinester. When hydroclilorio acid gUK 
ia passed into a pasty mixture of amygdaliit and alcohol, the amygdalin 
dis^olyea, and does not separate on cooling. The faintly brown 
liquid^ after a few days, deposits sal-ammoniac, a further (pmntity of 
which is precipitated on adchtion of ether. On mixing the liijuid ^vilh 
a considerable quantity of ether, an acid aqueous solution of sah 
aminoniao falls to the bottom, and above it there floats an ethereal 
liquid which leaves a light-brown syrup when evaporated, This syrup 
is heayier than water, and not miscible therewith, but dissolves with 
decomposition in warm water. 


Salicin. 

e26jji8oi4 ^ 


Leeoux. /. Cliim.med. 6,841; Sekw. 59, 856; Ann, Chim, Phyu, 4i% 
440. 

Braconkot. A7in, Gliim. PJiys. 44, 296 ; Pogg. 20, 47 ; N . Tr, 23, 2, 
261; Br. Arch, 86, 226; Mepert. 36, 280. Ohm. med. 7, 17: 
Pogg. 20, 621. 

Pelotjze & Gat-Lussac. Ann. Ckm. Phys. 44, 220; A'm. Pharm. 1, 
48; A7m. Ohm. Pliys. 48, 111. 

PiRiA. 1. Co}7i2)t re7id. 6, 888; J . pr. CImi. 18, 500. --2. Compt rend. 
6, 620; J . p7\ Chem. 14, 285. — 3. Coinpt. rend. 7, 935; X p 7 \ 
CJiem. 16, 412 ; An7i. P^am. 29, 800. 1 to 3, in detail; An 7 L Pharm. 
80, 151; X yw. CJmn. 17, 241; Ami. Ckm. Phys. 69, 281,— 
4. Go77ipt. 7'efid. 17, 16b ; X -yfr, Clieni, 30, 249 ; in detail : Atm, Pharm. 
56, 49 ; Xpr. Ohe7n. 86, 821 ; AL A7in, Ohirn. Phys. 14, 257 and 272. 
— 5. Ann. Pliaimi. 96, 375 ; N. Ann. Glwm Phys. 44, 336. 
BnuCHARBAT. Gompt.rend. 181, 299; J.pr. Ghem. 32, 80.^ Compt. 

rmd , 19, 602 ; 20, 110 ; 20, 1635. ^ 

Geehaedt. N. Ann. Ohim, Phys. 7, 215 j Ann. Pharm. 46, 19. 
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Diji^coverefl by Leroiix in 1830, after a previous attempt by Buchner (Repert, 20, 
417 ; 34, 107) to isolate the bitter principle of willow bark. Keller {lle2)eQ'f. 30, 268) 
and Peschier [J. Chim. m&d. 6, 651 ; Schw. 61, 208) ascribed basic properties to 
salicin ; Buchner & Herberj^er {Repert. 37, 58) regarded it as a salt ; their errors were 
pointed out by Duflos, Itopff, Bracoimot, and others. — Chiefly investigated by Piria. 

Occiirrmce. In many species of willow, but not: in all; mowt 
abuncbuitly (to tbc amount of 3 to 4 p. c.) in the bark of Salic IMix^ 
S. pentandra and S. prmcox^ but likewise in tile leaves, female flowers 
and young twigs. The bark of young willow and poplar branches 
contains more salicin than that of the older branches, and a smaller 
proportion of substances which impede its purification; the leaves 
contain a smaller quantity, and when they ton red in the autumn, 
none at all (Herberger). The strong bitter taste of willow bark is duo 
to salicin ; sweet tasting willow barks, like that of Salix phylicifolia 
(and, according to Dufios, those whicli are not reddened by oil of 
vitriol) contain none. — In Salix alba (Peschier, Loroux), not according* 
to Braconnot ; in /S'. cwi?/<7f?aZw?rt(IIerhergoi*; Leroy, /. C%m. med. 14, 87 ; 
Braconnot), not according to Biiflos ; not in S. argentea (Buflos) ; not 
in S, bahfhmca (Herberger), S, bicolor, S^ caprwa^ S. dapluidkks, but in 
S.Jlssa (Braconnot) ; in S. miifem and S. Jragills (Herberger, Lasch) ; 
not in the latter, according to Braconnot; in S. hantata (Peschier, 
Lasch), /S'. iZeZw; (Leronx, Braconnot; Gruber, med. Jahrb. 11^ 

BIG ; Pr. Esonbeck & Becker, Ami. Pharm. 4, 3o) ; S. incatia (Peschier, 
Buchner), not according to Braconnot; S. lamhevtkum (Lasch); 
S. mollmma and S. nigra (IlerlKn'ger) ; S. pentandra (Herberger, 
Lasch; Erdmann, Perl. Jahrb.^yd^ 1, 13G) ; S. pvam* (Ih^schier, Her- 
herg'cr, Lasch); S. purpurea (Lasch, Herberger; Ploischl, 

PhjH. Math. 3, 322) ; in S, reticulata^ S. retusa and S. (Horbergw) ; 
in S. Pusmlliana according to Duflos, not according to Bracoimot ; 
not in S. triandra (Braconnot) ; in S. according to Herberger 

& IIopll' ; not, according to Braconnot ; in S. viteUma according to 
Buchner, Herberger & Lasch {AT. Br. Arch. 2, 78), not, according 
to Duflos and Braconnot. — In the bark and leaves of various species of 
poplai*. In Populus alba (Braconnot ; Tischhauscr, Berl Jalirk 34, 2, 
12 G; Herberger) ; not in P. angidom or P. halmnifera (Braconnot); it 
exists in tlie latter, according to Hox'berger and Wittstein {Pharm. 
Ykrteljalir. 6, 47) ; in P. canescem (Ilorberger), P. graxa and 
P. tremula (Ilerbergc^r, Braconnot) ; in P. dilataP^ P. nlgra^ P, tremu- 
hides (Herberger, Jakrb. pr. Pharm. 1, 157); not, according to 
Braconnot ; also not in P. fastigiala^ P, graiuUcidataj P. mmUifera or 
P. virginica (Braconnot). — The heibaceons spinmis mentioned at 
page 235, vol. xii, contain salicin, inasmuch as wluui. distilled with 
water they yield salicylons acid (Wick(j, Ann. Plumn. 83, 175). TIic 
flower-buds of Spirwa tilmaria yield a small quantity of salicylons acid 
when distilled witli waten*, more after the addition of bichromate of 
potash, the acid being doubtless formed by decomposition of salicin 
(Buchner, N. Iteperi. 2, 1 ; Aim. Pharm. 88, 284). — (Jastormm canademe 
contains salicin (Wohler, Ann, Pharm. G7, 360). 

Formation. By boiling populiu with baryta- or lime-water, or, 
together with benzoic acid, by heating populin with alcoholic ammonia. 
If the benzoic acid bo precipitated by fordo chloride, the excess of iron 
removed hy milk of lime, and the lime with carbonic acid, the 
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concentrated filtrate yields crystals of salicin (Piria, A^in, Fliarm. 
96, 375). 


Prepai^ation, Prom imlloxo ov p>oplar harlc ; according* to TIcx'bergor, 
it cannot be obtained pure from poplar bark, and is tlicrefore better 
prepared from willow bark, altliongb the latter contains less of it. When 
poplar bark is used, populin may crystallise ont, cither before or 
together with the salicin (see below). 

1. Six pounds of the dry chopped bark are boiled with water ; the 
liquid is strained, concentrated down to IS pounds, mixed while still 
hot with 2 pounds of levigated oxide of lead, and digested for 24 hours. 
The liquid is strained, the residue thorough ly washed, and the filtrate 
evaporated to a syrup and left to crystallise. An additional quantity 
of sahciii is obtained from the motbcr-liquors after they have again 
been treated with oxide of lead, and the entire product is purified by 
repeated crystallisation (Duflos, Schw. 67, 25). — 2. The aqueous decoc- 
tion of the bark is precipitated with basic acetate of lead ; the filtrate 
is boiled with chalk, till the excess of the basic acetate is dccoinposod, 
and the liquid becomes clear and colourless ; it is then evaporated to an 
extract ; this is exhausted with alcohol of 34®, and the solution is left to 
crystallise (Peschier, Ann, CMm, Phys. 44, 418). — 3. Sixteen parts of 
hark are macerated with 2 pts. lime and with water for 24 hours ; th(‘. 
mixture is boiled for half an hour, and strained ; the residue is treated 
in like manner with the same quantity of lime as before ; and the wliole 
of the liquids are decanted from the sediment, concentrated, then 
mixed with 6 to 8 pts, of bone-black, and evaporated to complete dry- 
ness. The residue, after being pulverised, is exhausted at a gentle heat 
with alcohol of 82 per cent., and the alcohol is distilled oS from tlu^ 
tinctures : the salicin then crystallises from the residue in pale yellow 
granules, winch are purified by recrystallisation, with help of animal 
charcoal (Erdmann, BerL Jalirh, 33, 1, 136). — 4. A layer of recently 
ignited charcoal powder is placed at the bottom of a Eeal’s press ; above 
it, a moist mixture of coarsely pulverised willow-bark and slaked lime, 
and the bark is exhausted with alcohol of 80 per cent., which is finally 
displaced by pouring' water upon the mass. The pale yellow U(]uid, 
freed from alcohol by distillation, yields, on evaporation, crystals which 
are obtained pure by washing with cold water (Pr. Nces y. Esenbeck, 
Br, Arch. 35, 223). 

Less simple modes of preparation are described by Leroux {Schw. 59, 356), Her- 
berger (Repert 55, 215), Hopff {Br. Arch. 37, 217), Tischbauser {Ami. Pharm. 
7, 280), Tyson & Fischer {J, Pharm. 18, 170). See above. 

^ Properties. Eectangnlar laminm with well developed terminal sura- 
mits (Biot & Pasteur). Tabular or broad prismatic crystals of th(» 
rhombic or right prismatic system, mostly appearing in the form of 
white shining scales, needles or laminoe. Fig. 68 without the p- and ?/- 
faces, t : u = 110° 24' ; w : w = 139° 12' ; uiv. over f = 40° 48' ; t:iz=z 
111° 51'; i:i— 136® 18'. Cleavage at right angles to the prismatic 
faces probably also parallel to the face t, which has a strong pearly 
lustre; the other faces have aj^eaidy, vitreous lustre (Schabiis, Bestrm- 
immg. 86). — {Zeitschr, PJiijs. Math. 3, 322) describes crystals 

of the right prismatic system inch long, and a line in thickness. 
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(Fig. 61), 109® 55' and 70® 5'. Oleayage parallel to p and 

This cleavage and the angles of the prism do not accord with the 
determinations of Schabns. 

From the solution of salicin in warm water acidulated with sul- 
phuric acid, thick, short, transparent, four-sided prisms are obtained 
which grate between the teeth, and are as bitter as before this treat- 
ment (Braconiiot). They have the same composition as ordinary 
. salicin, and exhibit similar chemical reactions, but cannot be obtained 
from every land of salicin. 

Salicin melts at 100® without loss of weight, and solidifies in the 
crystalline form on cooling (Piria). Melts at 198° (0. Schmidt, 
Dessert. Gott. 1861, 19). Has a very bitter taste, like that of the 
willow. Inodorous, permanent in the am, neutral (Leroux," - Gay- 
Lussac & Pelouzc). Not poisonous ; produces unpleasant symptoms 
only when taken in doses of an ounce daily (Ranke). Sp. gr. 1*426 to 
1*434 at 16® (Piria). Lmvo-rotatory, [a]r=— •71*7° to 73*4° 
(Bouchardat Compt rend^ 18, 298). 
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Piria’s silicin, which was obtained from populin, agreed in specific gravity,- solubility 
(Piria), and molecular-rotatory power (Biot & Pasteur, Compt. rend. 34, 607) with 
willow salicin. — Earlier formulse (and analyses) of salicin, (J. Gay-Lussac &; 

Pelouze, Ann. Pharm. 1, 43 ; Ann. Chim. Phys. 48, 111) ; (Piria; Erd- 

mann & Marchand, /. pr. Chem. 15, 302; Otto, Ann. Pharm. 29, 294; Otto & 
Erdmunn, J.pr. Chem. 17, 305 ; Marchand, J. pr. Chm. 17, 306 ; Mulder, /. pr. 
Chem. 17, 299); (Liebig, Ann. Pharm. 30, 185); (Marchand, 

/. pr. Chem. 26, 392). Piria established the true formula by examination of the 
products of decomposition. See also Berzelius (Jahresher. 23, 496; 24, 525), Ger- 
hardt (iV. Ann. Ohim. Phys. 7, 215), Marchand (J. pr, Chem. 30, 251). 

Decompositiom. 1. Salicin kept for some time in the melted state, 
acquires a brown colour, and a resinous friable consistence (J. Gay- 
Lussac k Pelouze). At a stronger heat it swells up, chars with 
smoke (Hopff), and yields by dry distillation an acid watery liquid, 
and a lai'ge quantity of brown oil, soluble in potasli-ley, but free from 
benzoic acid (Braconnot). Wlicn salicin is heated to 260®, water and 
salicylous acid arc given off, together with acid vapours having an odour 
of caramel, and there remains a yellow residue insoluble in water, 
which turns brown and ultimately chars (Gerhardt). By dry distillation a 
heavy yellow oil is ohtaineil which boils above 250”, contains more carbon than snlicy- 
lous acid (72*60 C. and 6*84 H.), and when treated with potash-ley, yields salicylous acid 
(Marchand)), — 2. By the current of a Bunsen’s battery of 400 pairs 
salicin is resolved into glucose and saligcnin which latter is then con- 
verted into salicylous and ultimately into salicylic acid. A brown sub- 
stance is formed at the same time (Tichanowitsch, Petersh. Acad. Bull. 
4, 80; abstr. Chem. Centr. 1861, 613). — 3. Salicin is not altered by 
ozone. (Gorup-Besanez, Ann. Pharm. 110, 106.) 

4. Peromde of lead boiled with aqueous salicin gradually turns brown 
and dissolves in the form of formate of lead and a compound of salicin 
with lead-oxide. Sulphuric acid added to the filtrate throws dowii a 

VOL. XV. ^ 
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mixture of siilpliate of lead aad rutilin (Stenhouse P/«I Mag, /, 19, 
39 j J, Chem. 26, 138). — When saliciii is heated with peroxide of 
lead, peroxide of manganese, or 'bichromate of potash, and sulplmric add, 
fonnic and carbonic acids are produced, in the last case also salicylouB 
acid (Pma). When more than 3 pts. oil of vitriol arc used to 4 pts. of 
bichromate of potash, saliretin is obtained instead of salicylous acid 
(Piria). — Dobereiner Pharm. S, 146) obtained a large quantity 
of formic acid from salicin by the action of manganese and sulphuric 
acid. See also xii, 236 . Salicin reduces permanganate of potash (Dulios, 
SeJm, 61, 214). 

5. In chlorine-gas salicin changes to a red, resinous, turpentine-like 
mass, while a large quantity of hydrochloric acid is given off. ^ When 
chlorine-gas is passed into a mixture of salicin and water, chloro- and 
bicliloro-salicin are successively produced (Piria). Formerly Piria likewise 

obtained a product which he subsequently regarded as a mixture of bi- and per-chlorosalicin, 

— If the mixture be heated to 60“ during the passage of the chlorine, a 
red oil is separated, probably biclilorosaliretiii, resulting from the de- 
composition of bichlorosalicin by hydrochloric acid (Piria), Bromiiui 
and iodine likewise act upon salicin, with evolution of heat, and 
form, resinous bodies similar to those which they produce from 
phlorizin (De Koninck). — When salicin is distilled with chloride of Imc 
and water, chloropicrin (xi. 216) is obtained, bnt no ohloranil (Stenbousc, 
Am, Pharm, 55, 4 ; 66, 247). Aqueous chloride of lime docs not form 
a yellow precipitate with salicin. — When soda-loy is poured upon 
safioin, and iodine or bromine added tiU coloration is produced, and the 
liquid evaporated in vacuo, salicylous acid is produced, bnt no salicylic 
acid. (Lefort, Cowpt. rend, 28, 229.) 

6. Salicin immersed in cold oil of vitriol forms a fine pnrple-red solu* 
tion, from which water throws down a dark-red powder, BraconnoPs 
rutilin (Bracomiot). The solution formed at 10“ is decolorised by 
water; that produced at 30° is not; both solutions contain olivin, 
rutilin, and rufisulphuric acid (Mulder). With oil of vitriol, salicin 
yields rutilin and glucose (or products of its decomposition). (Piria.) 
Aqueous salicin is also reddened by oil of vitriol (Dnflos, Schw. 67, 25). 

When salicin is added to oil of vitriol, there is formed, as it dis- 
solves, a bright red liquid, which loses its colour and deposits a rod 
powder, if the oil of vitriol is allowed to absorb water from the air, but 
remains coloured if the oil of vitriol is diluted by addition of water, — ■ 
also after neutralisation with alkalis. If the solution bo diluted with 
its own weight of water and neutralised with pxxlverised carbonate of 
potash, sulphate of potash is precipitated mixed with rutilin ; the latter 
when iplated by washing with^ water, has a yellowish liver-red 
colour, is tasteless, and insoluble in water, alcohol, and glacial acetic 
acid, even at the boiling heat. It is turned violet-red by alkalis, with- 
out dissolving, brighter red by acids, and dries up to a black-brown 
powder which yields picric acid with nitric acid, and leaves a largo 
quantity of charcoal when heated. This formation of rutilin (likewise 
produced from populin) is attended with complete decomposition of the 
salicin. (Braconnot, J. Chim. mid, 17, 17; Pogg, 20, 621.) 

a, Mulder’s Olimn. — When 2 or 3 grammes of salicin are immersed 
in oil oj vitriol at 15 and the product is washed with water and dried 
at 130°, an olive-green crystalline prodxict is obtained, containing on 
the average 68*67 p. c. 0., 4*81 H., and 26*52 0., and answering, accord- 



SALICIN. 


435 


ing to Mulder, to tlie formula No other product appears to 

be formed (therefore perhaps salicin minus 7 at. water = — Kr.). — This 

olivin, when heated, gives off the odour of salicylous acid, and after- 
wards empyreumatic products. It is insoluble in boiling hydrochloric 
and dilute sulphuric acids, but dissolves, with violet colour, in warm oil 
of vitriol. When heated with nitric acid, it is first dissolved with red 
colour, and then decomposed. Insoluble in water, boiling potash-ley, 
alcohol, and ether. (Mulder.) 

h. Mulder’s Uuiilm {containing BulpJiuric Acid), — When larger quan- 
tities of salicin are introduced into oil of vitriol, part of it cakes 
together to a brown mass, enclosing . still unaltered salicin. If this 
mass be freed by decantation from the greater part of the oil of vitriol, 
then shaken up with absolute alcohol, pulverised, and washed with 
water and alcohol, rutilin remains behind ; it might also be separated 
by agitating with absolute ether the mass which remains after 
decanting the oil of vitriol, removing the upper mills- white layer of 
liquid, and precipitating the lower violet-blue liquid with absolute 
alcohol. This rutilin, according to the temperature at which it has 
been prepared, appears, either as a violet translucent jelly, which dries 
up to a violet powder or (at a higher temperature, between 30® and 
70°) as a hard brown powder. It dissolves with red colour in oil of 
vitriol, also in nitric acid, and is decomposed when heated therewith. 
After drying, it is insoluble in boiling potash-ley, but is taken up by it 
in presence of excess of sulphuric acid, and then separates on evapora- 
tion. It is insoluble in water, alcohol and ether. The products formed 
at 40°, 55°, and 70° respectively, and dried at 130°, differ from one 
another in composition. (Mulder.) 



at 40®. 

at 55^ 

at 70®, 

c 

65*28 ... 

59*42 ... 

64*48 

H 

4*65 ... 

4*05 ... 

4*59 

0 

14-33 ... 

14*73 ... 

19*63 

S03 

15*74 ... 

21*80 .... 

11*30 


lOO'OO ... 

100*00 .... 

100-00 


Mulder regards these substances as compounds of a radical with variable 

quantities of oxygen and sulphuric acid. See his formulee (/. pr. Chem. 18, 364). 

c. Mulder’s Hufistdphuric acid , — Contained in the red sulphmic acid 
solutions, produced by the action of oil of vitriol on salicin, and 
obtained in the form of a Hme-salt, by diluting the sulphuric acid 
solution with water, neutraHsing with chalk, and evaporating the red 
filtrate. If the solutions, when evaporated, deposit rutilin in brown 
flocks, and becomes acid at the same time, the flocks of rutilin must 
be removed, the liquid again neutralised with chalk, evaporated, and 
so on as long as the solution continues to turn acid. The unaltered 
salicin may be removed from the residue by alcohol. The lime-salt (a) 
forms a chesnut-brown powder, which dissolves in a small quantityof 
water, but is insoluble in alcohol. In oil of vitriol it dissolves with red 
colour, which disappears on addition of water ; in dilute acids without 
coloration. Another lime-salt (b) is obtained in the form of a jelly, by 
neutralising the sulphuric acid solution with chalk, and precipitating 
With alcohol. On dissolving, this jelly in water and evaporating, 
sulphate of lime separates out, while the salt a remains in. solution. 
At 130°, the lime-salt a contains 22*48 p. c. SO®, 8*06 OaO., 4*18 H., 
and about 40 0. ; and & contains 32*37 p.o. SO®, 10*44 OaO, 3*30H., and 

2 F 2 
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33*3 0. Mulder estimates the carbon at a higher amount, supposing that carbonate 
of hme remained behind in the combustion. He regards the salts as compounds of 
sulphuric acid, water and lime, with a body said also to be produced under 

similar circumstances from phlorizin, (Mulder, J, pr. Chem. IB, 356.) 

Salicin boiled wit!) dilute sulphuric (or k^drochloric) acid is roflolvcd 
into saliretin (xii, 231) and glucose. If tlic li(iui(l be heated only ii1! 
it begins to show turbidity (at 80'"), and then cooled, tlie solution will 
be found to contain saligeniii, which is therefore produced Ixdbro 
the saliretin, but is converted into the latter before all tlu} salicin. 
is decomposed. (Piria.) 

Formkon of saligenin: + 2n0 = C^'IPO^ + — 

The transformation takes place even when the air is excluded. (Kria.) 
The complete decomposition is difficult, so that variable quantities of 
glucose are produced (Roser, Ann. Fharm, 74, 184) pt, of hydro- 
chloric acid mixed with aqueous salicin does not alter its rotatory 
power at 10° in 48 hours (Bourchadat, Compt. rend. 18, 208). When 
the solution in dilute hydrochloric acid, which is easily formed, 
is evaporated on a glass plate, unaltered salicin remains, but hot 
hydrochloric acid acts in the same manner as boiling dilute sulphuric 
acid. (Braconnot). — When hydrochloric acid gas is passed into alco- 
holic salicin, a splendid purple-red liquid is formed, from which water 
precipitates saliretin. (Roser.) 

7. When small quantities of hydrochloric acid are added to a solu- 
tion of salicin and chlorate of potash in boiling water, the mixture 
acquires a deep orange-yellow colour, gives off, with brisk effei'vescence, 
the products of the decomposition of chloric acid, together with a 
large quantity of carbonic acid, and becomes covered with crystals of 
chloranil, see xi, 196 (A. W. Hofmann, Ann. Pharm, 52, 64). A peculiar 
oil is formed at the same time. (Stadeler, Ann. Pharm. 69, 327). 
Aqueous iodic acid at 110° oxidises only | of the carbon of salicin, 
unless it is employed in large excess (Mihon, Gompt. rmd. 19, 271 ; 
iT". Ann. Chim. Phys. 13, 37.) 

8w Cold concentrated nitric add dissolves salicin more abundantly 
■than water, but does not decompose it; in fact on saturating the liquid 
(immediately! Kr.), the salicin is recovered with all its properties. 
(Braconnot). — By the prolonged action of nitric acM on salicin, there 
are produced, according to the temperature and strength of the acid, 
helicoidin, helicin, anilotic or nitroaalicylic acid, and lastly, if the 
salicin is heated with excess of nitric acid, the products are picric 
acid and oxalic acid. 

a. When nitric acid of 20° Bm. is pomed upon salicin at the tc3m- 
perature of the air, and left to stand in an open vessel, the solution 
which is yellow at first, deposits crystals of helicin . 

C26H1SOU + 20 = + 2HO. 

bometimes helicoidin is obtained instead of helicin, especially if the 
mtne acid, has a specific gravity of about 12° Bm. No gas*is evolved in 
the reaction (except hyponitric acid), but by the further action of the 
^Piria P^^vio^sly formed helicin, salicylous acid is also produced. 

h. The same mixture set aside in a closed vessel, so that the 
hypomtno acid cannot escape, slowly deposits between 10° and 15° . 
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crystals of anilotic or nitrosalicylic acid (xii, 805) tlie quantity of whicK 
continually increases after a week, wMlst Httle or no more helicin is 
produced. 

C26H180M + 40 f NO«,HO = CWXH«0« + + 2HO. 

Piria regards anilotic and nitrosalicylic acids (the identity of which was assumed at 
vol. xii, p. 305, on the authority of Major) as distinct but isomeric acids, and likewise 
liiaintains the opinion, against Major, at a later date (Cimento, 2, 299 ; Ann. Pharm, 
97, 254). On the other hand, Werther (/. pr. Chem. 76, 449), Major and Strecker 
{Ann. Pharm. 105, 299) found that the two acids are identical. 

6‘. Saliciii treated with 8 pts. nitric acid yields picric acid (xi, 211) and 
oxalic acid, (Bracoimot.) Mixed with excess of nitric acid diluted with 
10 times its hulk of water, and heated once or twice to the boiling point, 
it turns yellow, gives off red vapours with an odour of salicylous acidy 
and when left at rest, deposits that acid in the form of an oil. On 
again heating the liquid to the boiling point, it becomes clear, and 
after some time, deposits on cooling, needles of nitrosalicylic acid, 
which by longer boiling are converted into picric acid, (Gerbardt.) 

9. In contact with fluosilicic alcohol (obtained by passing gaseous 
fluoride of silicium to saturation into absolute alcohol kept cool with 
ice), salicin acquires, after some time, a fine crimson colour, (W. Knop, 
/. pr, Chem, 74, C2.) 

10. When a 8 p. c. aqueous solution of osmic acid is poured upon 
salicin, the latter dissolves to a colourless liquid, which even at ordi- 
nary temperatures, and more quickly when heated, becomes yellow^ 
brown and black, from separation of osmic oxide, and emits an odour 
of salicylous acid, that of the osmic acid disappearing at the same 
time. On distilling the liquid (with further addition of osmic acid), 
aqueous salicylous acid is obtained, while salicylic and oxalic acids 
remain behind. (Buttlerow.) 

11. Salicin added by small portions to boiling soda-ley dissolves 
with effervescence, and the solution, after the alkali is saturated, 
deposits salirctin. On distilling the solution, after neutralising with 
an acid, salicylons acid passes over, and a residue is left containing 
salicylic acid and a brick-red powder (Bouchardat, Comptrend, 19, 1179; 
flfee also below).— When salicin is added by small portions to melting 
hydrate of potash, the mass becomes brown and hot, then swells up, 
gives off hydrogen, and becomes colourless again. The residue con- 
tains salicylate, oxalate, and perhaps also carbonate of potash. If a, 
sufficient excess of potash is not used, the chief products obtained are 
salicylous acid and a brown resin, instead of salicylic acid. — When 
salicin is more strongly heated with potash-hydrate, the mass blackens 
and gives off carbolic acid. (Gerbardt). — Salicin distilled with | pt. lime, 
yields Stenlionse's mlicom, which is a mixture of carbolic and salicylous acids (Ger- 
hardt), while charcoal and carbonate of lime remain behind. 

12. Sulphate and hydrochlorate of feme oxide colour salicin brown, 
but without forming any precipitate. The liquid when boiled becomes 
colourless and deposits an ochre-yollow precipitate. On evaporating 
the filtrate to dryness, and treating the residue with absolute alcohol, 
ferrous sulphate remains undissolvod, and the alcohol yields by 
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BvapOTation crystals diEcrent from salicin (Bo Koniuckj M^iwin sur la 
Fklorizine^ 13). • 

13. When salicin is bronght in contact y^ith water and emmhin 
(xii, 233) at a temperature not above 40°, it is completely resolved in 
tlie^^couxse of 10 or 12 hours, into saligenin and glucose : 

(J 2 CI 1180 W + 2H0 = C^‘*H®0‘* + (Piria.) 

Respecting tlie sugar thus produced, seepage 348 of this volume. Thc transforma- 
tion is not dependent on the presence of yeast ; it is not prevented by 
prussic acid, cupric sulphate, or cyanide of mercuiy (Bouchardat, 
Com^yt. rend. 19, 602), but retarded by addition of 1 pt. caustic soda, 
oil of vitriol, nitric acid or hydrochloric acid to 100 pts. of thc salicin, 
and in a less degree, if hme or magnesia he added, instead of the 
substances just mentioned (Bouchardat, Compt. mid. 20, 110). The 
action of emulsin is retarded by the presence of acetic or tannic 
acid (Seelheim). — When tannic acid is added to a mixture of emulshi 
and salicin, the greater part of the salicin is found unaltered at the end 
of 6 weeks, and partly ciystallised out. The motlicr-liquor treated 
with an additional quantity of emulsin, and again set aside, yields, 
after evaporation, another portion of salicin, together with saligenin 
and gallic acid, but no saliretin is produced (by the action of the acids on 
the saligenin). (Seelheim, Lissert. Gottingen, I860.; — Salicin dissolved in 
water, in contact with yeast and bicarbonate of soda, decomposes in 
the course of three weeks, with formation of saligenin and salicylouB 
acid (Eanke). — 14. By digestion with saliva, at 88° or 40°, it is de- 
composed in a 'few hours in the same manner as by emulsin. The 
quantity of saliva which can he collected in a qiiarter of an hour is 
capable of decomposing 1 gramme (or more) of smicin (Stsideler, J. p\ 
Chem. 72,’ 350 j W. J. Fharm. 33, 127). — 16. After the ingestion of 
salicin, salicylous and salicylic acids are found in the urine. (Laveran 
& Mellon, N. Ann. Chirn. Fhys. 12, 145). After large doses, unaltered 
salicin is foimd together with saligenin, and perhaps also carbolic acid 
(Eanke, J. pr. Chem. 6Q, V) ; {see Handl. vm, 2oocliem. i04:). Diastase does 
not act upon sahein at 40® (Stadeler). 

Salicin dissolves in cold ivater ; more freely and perhaps in all pro- 
portions, in boiling water (Pelouze & J. Gay-Lussac). It dissolves ink 
14 pts. water at 17° (Bracoimot), in 17'85 pts. at 19‘5° (J. Gay- 
Lussac & Pelouze), in 28*57 pts. at common temperatxires (Bouchardat), 
in 30*31 pts. at 11*6° (Piria). 

It neither saturates acids nor combines with them. It doc^s not 
undergo any alteration of rotatory power by contact witli ammonm 
(Bouchardat), neither does it form a coloured compound (correspond- 
ing to phlorizin) when exposed to the air in contact witli ammonia 
(Mulder). 

It dissolves in aqueous alkalis more easily than in water. — When a 
solution of salicin in water is mixed with i pt. potash-hydrate and 
evaporated, there remains an uncrystalHsabfi> honey from which acids 
separate salicin (Braconnot) : see above. — Salicin docs not neutralise 
Mm-water when boiled with it. Aqueous salicin does not precipitate 
metallic salts. 

L^ad-conipomd of hahciii. < — Aqueous salicin neither dissolves lead-oxide nor 
precipitates neutral or basic acetate of lead. (Pelouze & Gay-Lussac.) Salicin giye« 
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off water when heated with oxide of lead, hut may he recovered unaltered hy means of 

hydrosulphuric acid, even after being heated to 142®. (Mulder, J. pr. Chem. 17, 298). 

The compound is obtained by adding* basic acetate of lead, drop by 
drop, to a hot concentrated aqueous solution of salicin, till about half 
the salicin is precipitated, and washing the product with de-aerated 
water out of contact with the air. — It is a white, light powder 
resembling starch. Tastes sweetish and hitter. Does not give off 
any water when heated to 200°. It is colonred deep red by oil of 
vitriol, and decomposed by acids, with separation of salicin. It dis- 
solves in potash-ley and in acetic acid. (Piria). 
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When aqueous salicin is mixed with cupric sulphate and excess of 
potash-ley, the precipitate formed at first dissolves to a blue liquid, 
which becomes turbid at a temperature below 100°, and deposits flocks 
which turn green, and after longer boiling, brown. (Lassaigne, 
J, Chim, med, 181, 417.) 

Salicin does not dissolve in alcohol more freely than in water 
(Braconnot). It dissolves in acetic acid, but is obtained in its original 
state on evaporating the solution to dryness (Braconnot, Hopff). — 
It is insoluble in- ether. — It dissolves in cold and more abundantly in 
warm creosote (Ecichcnbach). It is not precipitated from its aqueous 
solution by tincture of (jails or by gelatin (Pelouze & J. Gay-Lussac). 


HeKcin. 

Q 26 II 10 O 1 * = 

PmiA. W. Am. Chim. Phys. 14, 287 ; Ann. Pharm. 50, 64 ; J. pr. 

Chem. 86, 821. 

Formation. 1. By treating salicin with nitric acid (p. 430). — 
2, By boiling henzo-hclicin with magnesia (Piria, Ann. Pharm. 96, 380). 

Preparation. 1 pt. of pulverised salicin is covered with 10 pts. 
of nitric acid of 20° Bm., and left to stand in an open vessel, witli 
occasional stirring, till the yellow solution, smelling of salicylous acid, 
which forms in about 24 hours, has re-solidificd to a crystalline pulp, 
from formation of helicin. This pulp is freed from the mother liquor 
by pressure and washing with cold water ; from traces of anilotic acid 
formed at the same time, by washing with ether ; and then crystallised 
from boiling water. 

Properties. Anhydrous helicin, obtained by heating the crystallised 
compound to 100°, melts at about 175° to a tnms|>arcnt liquid, 
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resembling palm-oil in colour and consistence, and solidifies in a crystal- 
line mass on cooling. — Inodorons. Tastes slightly bitter, somewhat 
like salicin. Neutral. 

Decompositions, 1. Helicin, melted iox some time over the oil-bath, 
gives off water and salicylous acid, the residue thereby becoming more 
fusible, and ultimately solidifying on cooling, though not immediately, 
to a yellow opaque resin. This resin is nearly insoluble in boiling 
water and in alcohol, still exhibits with potash the reaction of helicin, 
and, when boiled with very dilute hydrochloric acid, is partially decom- 
posed, with evolution of salicylous acid, the greater part, however, 
reappearing when cold as crystallised helicin. — 2. The solution of 
helicin in nitric acid of 13° or 20° Bm., set aside over-night, is found 
to contain a large quantity of salicylous acid. — 3. Broinim converts 
helicin into bromohehcin. Aqueous and alcoholic helicin are converted 
by chlorine into a- and /3-chlorohelicin. — 4. Oil of vitriol colours 
helicin orange-yellow, and then dissolves it. — 5. When helicin is 
boiled with very dilute sulphuric or hydrochloric acid^ salicylous acid is 
given off and glucose remains in solution. A similar but weaker and 
less complete decomposition is produced by oxalic^ citric and tartaric 
acids, — 6 . When helicin is heated with or soda-ley the solution 
turns yellow from formation of salicylite of potash, and the helicin is 
completely decomposed. Baryta and lime act in a similar manner; 
ammonia and the alkaline carbonates less strongly.— 7. By aqueous 
emuMi, helicin is resolved into salicylous acid and glucose. By dis- 
tilling the mixture for some hours, the whole of the salicylous acid is 
obtained which the helicin is capable of. yielding, and the solution 
filtered from the coagulated emulsin contains the sugar ; 

CseHMQi'i + 2HO = 

8. A mixture of helicin with yeast which has stood for some hours, 
contains salicylous acid, and gives off gas when shaken. 

Comlinations, With Water, — Crystallised Eelicin. Slender white 
needles grouped in tufts and radiate masses. Between 100° and 113® 
it gives off, on the average, 4T7 per cent, of water (calc. 4*54 p. c.). 





Piria, 


Crystals. 


mean. 
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2(C»H“0'^) + 3aq. . 

595 .. 

.. 100*00 
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Crystallised helicin dissolves in 64pts. water at 8°, and very easily 
in boiling water. 

It does not unite with bases, but potash and soda increase its 
solubility in water. The aqueous solution has no action on chloride 
of harirnn, chloride of calcium, zinc-salts, nitrate or acetate of lead, basic 
acetate of lead, sesquichlonde of iron, cupric salts, corrosive sublimate or 
ndtrate of silver. 

It is more soluble in alcohol than in water, but insoluble in ether. 
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Helicoidin. 

PiRJA. A7in. Pharm, 56, 60 ; N, Ann. CMm. Pliys. 14, 292. 

Formed by disolving salicin in nitric acid of 12° B. (therefore also 
instead of helicin when the acid used for the preparation of that substance is too^ weak) 
and crystallises from tlie solution after some days. — Needles similar 
to helicin, which maybe obtained pttre by washing with cold water and 
one recrystallisation from boiling water. 


52 C 

Crystals. 
312 ... 

. 52*26 .... 

Piria. 
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52*33 
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C«-H340-8 + 3aq. 

.... 597 ... 
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Helicoidin may he regarded as imperfectly oxidised salicin, hut not as a mixture of 
salicin and helicin, inasmuch as such a mixture would not produce saligenin with 
alkalis. 

Helicoidin is converted by emulsm into glucose, salicylous acid and 
saligenin. On distilling it after decomposition, salicylous acid passes 
over, whilst glucose and saligenin crystallise from the concentrated 
residue. — By alhalis and acids^ it is decomposed in tlio same manner 
as by cmulsin ; in the latter case, however, saliretin is obtained 
instead of saligenin. In other respects helicoidin behaves like helicin. 


Populin. 

04OIP2O16 

IL Beacoiwot. Ann, Chwi. Phjs. 44, 296 ; Pogg. 20, 47 ; N. Tr. 23, 
2, 261 ; Mr. Arch. 86, 226; Schw. 61, 197; Pepert 36, 280; Berz, 
JahreBUr. 11, 286. Chim. med. 7, 21, 

IIexhjekgek. llepert. 55, 214. 

1)k Koninck. JUv, Scient. 1, 332. 

PiiUA. Co 7 npt. rend, 34, 138 ; N. Ann. Ohim. Phjs. 34, 278 ; Ann. 
Pharm. 81, 245 ; J, pr. Chem. 55, 321 ; Pharm. Gentr. 1852, 151 ; 
Chem. Soc. Qu. J. 5, 8. — Cimento, 1, 198; abstr. Ami. Pharm. 96, 
375 ; J. pr. Chem. 67, 274 ; iV. A'nn. Chim. Phya. 44, 366 ; Lkh. 
Kopp. Jahresher. 1855, 688. 

•— Discovered, iu 1831, by Braconuot ; mvestigated especially by 

Piria. 

Occurrence. In the bark and leaves of the aspen, Populm tremula 
(Braconnot). Also in the root. (Van de Ohejn.) On a peculiar substance 
from the bark of Poptihis nigral see Herberger (Repertf 55, 248) ; on a substance 
from poplar«buds, see p, 444, 
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Preparation, 1. The aqueous decoction of the bark is precipitated 
with basic acetate of lead ; the filtrate is freed from lead by sulphuric 
acid, then concentrated and boiled with animal charcoal ; and the salicin 
is left to crystallise out. The mother-liquor yields with carbonate of 
potash, a white precipitate of populin, which must be rccrystalliscd 
from boiling water (Braconnot). Herberger, after precipitating with 
basic acetate of lead, removed the lead by passing carbonic acid into 
the liquid, and evaporated the filtrate to a syrup, from which the 
populin crystallised. — From the decoction of the root-bark, populin 
crystallises after concentration (even without precipitation by basic 
acetate of lead). (Van de G-hejn.) — 2. The leaves of the aspen are boiled 
vdth water ; the decoction is precipitated hot with basic acetate of 
lead ; the populin carried down with the precipitate is dissolved out 
by boiling water; and the filtrate is evaporated to a syrup. The 
crystalline mass which separates is pressed between linen, heated to 
boiling with 60 pts. water and a little animal charcoal, and filtered at 
the boiling heat : the popnlin crystallises on cooling (Braconnot). 

Properties. Crystallised popnlin (see below) is rendered anhydrous by 
heating it to 100°. Anhydrous populin melts at 180° to a colourless 
oil, which solidifies in a vitreous mass on cooling (Piria). Tastes 
sweet (Braconnot). Eotatory power, to the left, proportional to the 
quantity of salicin produced by the decomposition of the populin, 
(Biot k Pasteur, Compt, rend. 34, 607.) 

Decompositions. 1. Fused populin heated to 180° gives off pungent 
vapom's which condense in needles ; at 220° it turns brown, but is 
obtained unaltered after solution in aqueous alcohol (Piria). When 
subjected to dry distillation it swells up and yields empyreumatic 
oil, from which benzoic acid crystallises on cooling (Braconnot). — 
2. It hums with flame and an empyreumatic resinous odour (Braconnot). 
— 3. Heated with sulphuric acid and bichromate of potash it gives off 
large quantities of salicylous acid (Piria). — 4. By solution in nitric 
add of sp. gr. 1*30, it is converted into benzo-helicin, which crystal- 
lises after standing for some time. The solution at the same time is 
coloured yellow by hyponitric acid ; 

C40H23O16 + 20 -= + 2H0. 

la this reaction also, the saligenin of the popalin is converted into salicylous acid 
(Piria). Weak nitric acid acts upon popuHn only at the boiling heat, 
saheylous acid being given off from the acid solution; ordinaiy nitric 
acid acts violently, producing yellowish crystals, probably consisting 
of picric, nitrobenzoic and oxalic acids (Piria). Braconnot obtained nothing 
hut picric acid; Koninck obtained picric and oxalic acids. — 5. With oil of vitriol 
populin forms a deep red solution whence water throws down a red 
powder (Braconnot’s rutilin, p. 434), which, after the sulphuric acid has 
been removed, dissolves in water with red colour, and is reprocipitated 
by acids (Braconnot). Hot oil of vitriol carbonises populin (^Koninck). 

By boiling with dilute acids, populin is resolved into saliretin 
(xii, 231), benzoic acid and glucose : 

-h 4HO 

Saliretin. Benzoic 
acid. 
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The saliretin is produced by the further action of the acid on the 
saligenin (xii, 234), which is the first-formed product (Piria). Concen- 
trated phosphoric acid forms saliretin even in the cold (Braconnot) 
The formation of glucose was first observed by De Koninck. 

6. Populin heated to 100° in a sealed tube with alcoholic amwome, 
yields salicin, benzamide and benzoic ether. Gaseous ammonia does 
not act on populin at 150° (Piria). — 7. Heated with potash-hydrate^ it 
yields oxalate of potash (Braconnot). — 8. Populin boiled with hydrate 
of baryta or oflime^ yields a benzoate and salicin : 

(>40H22Oi<3 + 2HO = C14JIG04 + 

100 pts. crystallised populin yielded 28*9 pts. benzoic acid, the calcu- 
lated quantity being 28*64 pts. (Piria). — 9. By prolonged contact 
with water, putrid casein, and carbonate of lime, it is decomposed with 
formation of saligenin, lactate of lime and benzoate of lime (Piria). 

Populin is not altered by chlorine or iodine^ or by boiling with phosphorus and 
•water (Braconnot), or by emulsin (Piria). 


Combinations* — With Water, A. Crystallised Fopulin, — White 
silky, very light needles (Braconnot), resembling starch or magnesia 
(Piria). Interlaced needles, which sometimes become broad, and appear like 
laminse ; but always run out into a needle-shaped summit (Biot & Pasteur), Givcs 
off water between 35° and 40°, and tlic rest below 100°, in all 
8*43 p. C. (Piria), 4 at. = 8*45 p.C. De Koninck describes three-sided laminse 
which give off 5*43 p. c. water in drying. 


40 C 

Crystallised. 
240 .... 

56-34 ... 

Piria, 

mean, 

56*44 

26 H 

26 .... 

6*10 ... 

6*27 

20 0 

160 .... 

37*56 ... 

37*29 

C«tF0^4HO . 

426 .... 

100*00 .... 

100*00 


B. Aqueous Solution, — Crystallised populin dissolves in about 2,000 
pts. of cold water (Braconnot), in 1896 pts. at 9° (Piria), and in 70 pts. 
boiling water (Braconnot). The cold solution deposits populin on 
being saturated with common salt ; the solution saturated at the boil- 
ing heat deposits it on cooling. 

Populin dissolves easily and without decomposition in cold acids 
not too concentrated, and is precipitated partially by water, completely 
by alkalis (Braconnot, Koninck). According to Koninck, it’ dissolves also in 
aqueous alkalis, and is precipitated by acids. 

Aqueous populin docs not precipitate any metallic salt, (Braconnot.) 
It crystallises unaltered from solution in aqueous metallic salts, but 
may be made to combine with oxide of lead, forming a white substance 
insoluble in water. (Koninck.) 

Populin dissolves easily in cold concentrated acetic acid, and is pre- 
cipitated therefrom partially by water, completely by alhalis. (Bra- 
connot,) It dissolves at 14° — 15°, in 100 pts. absolute alcohol (Biot 
Pasteur ) ; in boiling alcohol more abundantly than in boiling water, 
scarcely at all in ether. 
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A;p]p&fidix to PopuUn. 

Peculiar Body from Poplar-buds. 

W, Hallwachs. Ann, Pliarm, 101, 372; abstr. J. pr, Chm. 71, 117 ; 

Chem, Cenir. 1857, 401. 

The bruised buds of Populus nigra or P. dilatata are boiled witli 
water, the hquid strained, concentrated to a third, strongly super- 
saturated with hydrochloric acid, and left to itself for 24 hours. The 
separated yellow-brown mass is washed with cold water, rcciystallised 
by repeated boiling with water, then dissolved in boiling water, and 
precipitated with neutral acetate of lead. The washed lead-salt is 
decomposed by hydrosulphuric acid under water; the solution is 
heated to the boiling point and filtered ; and the lamiiije, which 
separate on cooling, are purified by recrystallisation from ether or 
from water. 

White laminse with a silky lustre. Tasteless, with a faint odour. 
Melts at 180'^. Has a strong acid reaction. — Contains, on the 
average, 62*50 p. c. C., 5*87 H., and 31*63 0. 

Decomposes when heaud above 200®, diffusing aromatic vapours. 
— Dissolves moil of vitriol, with straw-yellow colour, changing to deep 
crimson on addition of a smaE quantity of nitric acid. — Decomposed 
by heating with dilute hydrochloric acid or ha7'yta-water, with formation 
of sugar. — Nit7ic acid converts it into picric acid. — Heated with a 
strong solution of cMoidde of zinc, it assumes a violet-red colour. 

Dissolves at 22° in 1998 pts. of cold water, more easily in boiling 
water. — Easily soluble in aqueous alkalis, also in hotaMp^; dis- 
solves in 44 pts. ether at 22°. 


Benzo-heKcin. 

Q4oja[2ooi6 - o'"H«03,c^*n50^c^Tpoo^^ 


Fibia. Ann, Pharm, 81, 246; 96, 379. 

FormaMoUi p. 442. 

When populin is immersed in 10 or 12 pts. nitric acid of sp. gr. 1*30, 
the liquid in a few minutes assumes a yellow colour, takes up all the 
populin, and soon afterwards deposits crystals of benzo-helicin ; a 
further qnantity may be obtained by diluting the mother-liquor with 
water. Purified by recrystallisation from boiling water. (See below.) 

Properties, Silky needles grouped in tufts, and not giving off any 
Water when heated. 
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40 C 

240 . 

... 61*86 ... 

Piria. 

mean. 

61*80 

20 H 

.... 20 . 

... 5*15 ... 

5*23 

16 0 

... 128 . 

... 32*99 .... 

32*97 

.... 

388 . 

... 100-00 ... 

100*00 


Mated to helicin (p. 439)^ in the same maimer as populin to salicin. 

Decompositions. 1. The yellow solution of benzohelicin in oil of 
vitriol becomes colourless on dilution with water, and gives off the 
odour of salioylous acid. Salicylous acid is likewise volatilised on boil- 
ing benzoheliein with hydrochlonc acH and the liquid, on cooling, 
yields crystals of benzoic acid. In this reaction the benzohelicin is 
resolved into benzoic acid, salicylous acid, and glucose, according to 
the equation : 

C40H20O16 + 4HO =: 

2. The solution of benzohelicin in cmstic alkalis becomes golden 
yellow on boiling, and on addition of acids, deposits salicylous and ben- 
zoic acids, retaining glucose in solution. — 3. When benzohelicin is 
boiled with magnesia (or other bases which do not act upon helicin) 
benzoate of magnesia and helicin (p. 439) are obtained. It is not 
altered by emulsin. 

Benzohelicin dissolves in boiling water. If the first drops of a 
solution filtered at the boiling heat crystallise on cooling, the crystal- 
lisation extends tlirough the entire mass ; but on again applying heat, 
and leaving the solution to cool slowly and quietly, it does not yield 
crystals, but solidifies to a pulpy jelly. 


Bromhelicin. 


PmiA. N. Ann, Chim, Fhjs, 14, 298; Ann, Fliarm, 56, 72. 

Prepared like chlorbolicin (p. 44G), but always obtained in the form 
of a hydrated jelly, which dries up to a dirty white amorphous pow- 
der, giving off 2 at. water at 100°. 



Hydrated. 


Piria. 

26 C 

156 

... 40-94 ... 

..... 41*12 

Br 

80 

.. 20*99 ... 

20*71 

17 H 

17 

„. 4*46 ... 

4*57 

16 0 

128 

33*61 ... 

33*60 

C“BrH“OM + 2aq. 

.... 381 

100*00 

..... 100*00 
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Chlorosalicin. 

c26Qijii'rou = 


PmiA. AL An7i. Chm. Phjs. 14, 275 ; Aim, Pharin. 5G, 52 ; J. p\ 

Chem. 36, 321. 

Formation, p. 434. 

Preparation. Ghlormo gas is passed tliroiigli a pulp of 1 pt. finely 
powdered salicin and 4 pts. water, till the whole is dissolved and a 
copious crystalline precipitate is subsequently formed. The separated 
chlorosalicin is pressed between linen, washed with a small quantity 
of cold water, dried between paper, freed from a small quantity of 
adhering resin by agitation with ether, and recrystallised from boiling 
water. 

Properties. Crystallised chlorosalicin is dehydrated by a heat of 
100® to 110®, and melts at a higher temperature to a colourless liquid. 
Inodorous. Tastes bitter, like salicin. 

Decompositions. 1. When heated above its melting point, it gives off 
a large quantity of hydrochloric acid and leaves charcoal. — 2. It dis- 
solves in oil of vitriol^ with reddish colour. — 3. By dilute acids it is com- 
pletely resolved into glucose and a yellow resinous precipitate, pro- 
bably chlorosaliretin. — 4. Its aqueous solution is quickly decomposed 
by emulsin into glucose and chlorosaligenin (xii, 293) : 

C26C1H170W + 2H0 = CMCIH^O^ + Ci5Hi2oi2. 

Combinations. — With Water. — • Crystallised Chlorosalicin. Long, 
silky, very light needles, which give o6 10-14 p. c. water (calc. 4 at. « 
lO'lo p. c.) between 100® and 110®. 


26 C 

Crystals. 

... 156-0 

. 43-76 ... 

Piria, 

mean, 

43-56 

Cl 

... 35*5 ....... 

. 9-96 

9*96 

21 H 

... 21-0 

. 5-89 .... 

6-14 

18 0 

... 144-0 ....... 

. 40-39 ... 

40-84 

C26ciHVOW + 4aq.. 

... 356-5 

. 100*00 ... 

IQO-OO 


Chlorosalicin dissolves in water and in alcohol^ but not in ether. 


Chlorhelicin. 

C^^CTH'^0'* = C^*ClH®O^C'®IPO^o. 

PiEiA. N. Ann. Chim. Phys. 14, 295; Ann. Pharm. 56, 72. 

Obtained in two modifications, known as a- and ^-chlorhelicin. 
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oL'^Chlorhelicin, A mixture of water aud heliciu is shaken up in a 
bottle filled with chlorine gas, as long as the chlorine continues to be 
absorbed and hydrochloric acid formed- The helicin swells up to a 
transparent jelly, which must be pressed between linen, washed with 
cold water, and recrystallised from boiling water. The solution, on 
cooling, either deposits small needles of mono-hydi'ated a-chlorhelicin, 
or solidifies to an amorphous, pasty jelly, containing more water than 
the needles. 

The needles, heated to between 120° and 130°, are converted into 
anhydrous a-chlorhelicin. — Inodorous. Tastes bitter. 

Between 120° and 130°. Piria, 

26 C 156-0 .... 48-98 ........ 49-02 ' 

Cl... 35-5 .... 11-14 11-02 

15 H 15-0 .... 4-72 4-90 

14 O 112-0 .... 35-16 35*06 

C26Clff50i4 ... 318-5 .... 100-00 100-00 

a-chorheliein, when heated, gives off vapour of chlorosalicylous 
acid (xii, 294). The same acid is obtained, together with glucose or 
its products of decomposition, on heating a-chlorhelicin with dilute 
acids, or alkalis, or by treating it with emulsin : 

Crystallised a-chlorhelicin contains 3 p. c. water, which goes off 
when the crystals are heated, the quantity evolved being rather more 
than 1 at. (calc. 2*76 p. c. HO), probably because a small quantity of 
gelatinous a-chlorhelicin is likewise present (Piria), 

Nearly insoluble in cold, easily soluble in hot water and alcohol 

jS-OIiMielicin, When chlorine gas is passed through an alcoholic 
solution of hehein, the liquid becomes hot, and deposits a white starch- 
like powder, an additional quantity of which is obtained on cooling. 
This powder contains, on the average, 48*75 p. c. 0., 5*04 H., 
11*46 CL, and 34*16 0., like a-chlorhehcin ; but it is insoluble in water, 
neai’ly insoluble in boiling alcohol, and when treated with acids, alkalis, 
or emulsin, yields neither sugar nor chlorosalicylous acid. 


BicMorosalicin. 

Q20Qi2jiuQii ^ 

Piria. Am, Pliarm. 56, 55. 

Preparation, Pulverised chlorosalicin is suspended in water, 
and clilorine is passed through it, — or chlorine gas is made to 
act for a considerable time on salicin (suspended in water). The pro- 
duct is purified by washing with ether, and recrystallisation from bod- 
ing water. 

By drying at 100° the crystals are converted into anhydrous 
bichlorosalicin, which, at a stronger heat, melts to a transparent mass, 
solidifying in the vitreous form on cooling. Inodorous. Tastes rather 
bitter. Neutral 
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Decompositions, 1. Bichlorosalidn, when strongly heated, gives off 
inflammable vapours and leaves charcoal. ^ By dry distillation a heavy 
oil is obtained, together with an acid liquid, which yields chloro- 
sahcylons acid when treated with ether. The chlorosalicylous acid 
results from the decomposition of bichlovosaligoain : = 

C^*0IH®0^ + TIOi (Piria). — 2. WliQinlchlorine gas is passed through 
bichlorosalidn suspended in water; the bichloroBaliciii dissolves on 
applying heat to the liquid, and afterwards a red resin is precipitated. 
' The latter is also produced, together with glucose, on heating bichloro- 
salicin with dilute acids, and appears to consist of bichlorosalii’ctin. — 
8. Bichlorosalidn dissolves without colour moil of vitriol. — 4. After 
being left for some time in contact with aqueous emidsin, it forms 
glucose and bichlorosaligenin (xii, 297), which, however, is produced 
only so long as the Liquid is capable of taking it up, and only in small 
quantity on account of its sparing solubility : 

C-iGCmiSQU + 2H0 = C^^CPH^O'^ + C^2hi2013, 

Combinations. With Water. Crystallised Bichlorosalicin. bong, 
snow-white needles, having a silky lustre : they give off at 100°, 
from 4-95 to 5*04 p. c. water (2 at = 4*84 HO). 





Piria. 

Crystals. 



mean. 

26 C 

... 156 .... 

41*82 ... 

41*65 

2 Cl 

... 71 .... 

19*03 ... 

18*95 

18 H 

... 18 .... 

.... 4*82 ... 

5*10 

16 0 

... 128 .... 

34*33 . . 

34*30 

C2GCi2Hi6on + 2aq. . 

... 373 ... 

100*00 ... 

100*00 


Crystallised bichlorosalicin is nearly insoluble in cold, sparingly 
soluble in boiling water. It dissolves more easily in alkaline water, and 
is precipitated without alteration by acids. The aqueous solution does 
not act on metallic salts, especially not on sesquichloride of iron. 

Soluble in alcohol, nearly insoluble in ether. 


Perchlorosalicin. 


Piria. AT, Ann. Chim. Phys. 14, 281 ; Ann. Pharm. 56, 58. 

Pr^aratim. When chlorine gas is passed into water at 80°, in wlhcd 
bichlorosalicin is suspended, pieces of marble being also introduced to 
prevent the decomposing action of the hydrochloxic acid produced in 
the reaction, impure perchlorosalicin is precipitated in the form of a 
crystalline powder. This product is washed by agitation with ether, 
and recrystallised from hot aqueous alcohol. 

The small yellowish needles, which might perhaps be obtained 
colomless by repeated crystallisation, become anhydrous at 100°, and 
melt at a stronger heat. Inodorous. Tastes somewhat bitter. 

DecomposUiom. Perchlorosalicin decomposes at a strong heat — 
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Witli dilute acids it yields a resin, probably perchlorosalirclin. — In 
contact with solution of emidsin under water, it yields, aiten* a while, a 
liquid which colours ferric salts blue, but only a very small quantity of 
perclilorosaligenin is set free. 


Coitihinatious. With IKaiev. — CrtjstaUlscd Ferchlorosalicah (see a])ove) 
heated to 100° in a current of air gives off 4*48 ]>. c. water 
(2 at. = 4'43 p. c. HO). 

Piria. 

Crystah. mean. 

2G C 15G-0 .... 38-87 .... 38-15 

3 Cl 105*5 .... 25-46 .... 26-00 

17 H 17-0 .... 4-18 .... 4-36 

16 O 128-0 .... 31*49 .... 31-49 

CSocfhisqh + 2H0 406*5 .... 100*00 .... 100-00 

Nearly insoluble in cold, and very slightly soluble in boiling water ; 
more soluble in weak spirit. 


Compound of Bichlorosalicin with Perchlorosalicin. 




Piria. Ami. Chim. Ph//s. G9, 823 ; W. Amu Chim. Phys. 14, 283. 

Piria formerly obtained this compound, in an impure state, by paSKS- 
ing chlorine gas for a long time into water containing salicin in 
suspension, as a yellow, pearly, crystalline mass; he now regards 
it as a mixture of hi- and per-chlorosalicin. 

Piria. 
mean. 

312-0 41*91 42-08 

177*5 23*84 22*97 

31*0 4*16 4*31 

224*0 30*09 30-64 

C®CFPFO^ 744*5 100-00 100*00 


52 C 
5 Cl 
31 H 
28 O 


Gallo-tannic or Tannic Acid. 

QU1122QU ^ 

Bevbux. J. Phys. 42, 401. 

Skouin. J. des Arts et Maimf. 2, GC, and 3, 71 ; Amu Chim. 20, 15. 
Barthoudi. Bcim. J. 8, 294. 

VAUQUELm. Am. Chim. 

Kaesten. Schw. J. 7, 472. 

Cadet. Ann. Chim. 4, 405 ; W. Tr. 3, 1, 480. 

11. Davy. A. Oehl 4, 3 43. 
kSeetorner. Bchw. 4, 410. 

Berzelius. Ann. Ohm. 94, 318. — Scher. Ann. 1, 421; Pogg. 10, 257, 
Zehrbuch^ 3 Aiifl, 6, 213, 

YOL. XV. 2 G 
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Gxese. Seller. Ann. 1, 459. 

A. Vogel. TascJienh. 1820, 74, 

0. Gr. Gmelin. Taschenh. 1820, 100. 

Pelletier & Caventou. Am. Chm. Phjs. 15, 337. 

Pfafp. Sclm. 52, 324. 

Geiger. Alaq. PJiarm. 25, 1, 00 ; 25, 3, 01. 

Felovze. J. Chim. meet 10, 257; Fogij. 38, 20; Ann.Chm. Phfs. 
54, 337 ; Ann. Pliarm. 10, 145; J. pr. GJieni. 2, SOI. — Pliarin. 
10, 210; J. p\ Chem. 2, 320. — Ann. Chim. Phys. SO, 303. 

BticHHER. Pej^ert. 46, 316. 

Liebig. Ann. Pliarm. 10, 172; J. dim. 2, Ami. Pliarni. 

26, 128, and 162. — 39, 07. 

Gutbourt. Per. scient. 13, 32 ; abstr. Ann. Pliarm. 48, 350. 

Robiquet. Am. diini. Phys. 64, 385; /. dim. nie'd. 13, 200; Aim. 

Pliarm. 25, 151; J.'pr.Chem. 11,481. 

Wackenroder. Pf. Br. Arch. 27, 217 and 28, 38. 

Steniiocjse. Phil Mag. J. 22, 417 ; abstr. Ann. Pliarm. 4.5, 1. — Phil 
Afag. J. 23, 331. — Proc. Poy. Soc. 11, 401. 

Ph. Buchner. Pliarm. 53, 357. 

WiTTSTEiN. Pepert. 05, 280, and 96, 215. — Pharm. Ykrteljahr. 2, 72. 
Wetherill. N. j. Pharm. 12, 107 ; J. pr. Chem. 42, 247; abstr. 
Pliarm. Centr. 1847, 740. 

Mulder. ScheiL Onderz. 4, 639 ; abstr. Xp’. Chem. 48, 00. 

Strecker. A/ui. Pharm. 81, 248 ; Ohm. Soc. Qn. J. 5, 102 ; abstr. 
Pharm. Centr. 1852, 427. — Ann. Pharm. 90, 328 ; abstr. J. pr. Chem. 
62, 434 ; Pliarm. Centr. 1854, 753 ; N. Ann. Chim. Phys. 42, 231 ; 
Phil Alag. [4], 8, 157. 

A. & W, IGnop. J.qm. Chem. 56, 327 ; Pliarm. Centr. 1852, 417 ; abstr. 
Ann. Pharm. 84, 283. 

E. Robiquet. N. j. Pharm. 23, 241 ; abstr. Compt rend. 85, 19 ; 

J. pr. Chem. 57, 127. — JSF. J. Pharm. 26, 29 ; J. pr. Chem. 62, 419. 
W. IGnop. Pliarm. Centr. 1854, 855 ; 1855, G57 and 737 ; 1856, 513 ; 
1857, 370 ; 1860, 278. 

Eocheeder & Kawalier. Wien. Alcad. Per. 20, 28 ; 30, 150 ; J. pr. 
Chem. 74, 28 and 300 ; Chem. Centr. 1858, 570 ; Chem. Gaz. 1858, 
421. 

Tannin, Tanning principle, Gerhstoff, Ger&endes Princip, Wich&igerh- 

.saMr6 (Berzelius).' — Recognised as a distinct substance by Deveux; more exactly by 
Seguin ; first prepared pure or nearly pure by Berzelius ; shown to be a glucoside 
(p. S41) by Strecher. 

Sources. In Tnrkisli gall-nuts {Eandb. viii, Phytocliem. 77), in or- 
dinary oak-apples and Oliinese gall-nuts [excrescences formed on tins 
brandies of Pirns semialata or P. CMnenm. (Schenk, JSf. Pqiert 5, 20 
and 34d)] 

Many other plants and parts of plants contain substances, mostly 
amorphous, which have a slight acid reaction, and a rough, but not 
sour taste, precipitate gelatin and albumin from their solutions, and 
unite with animal membrane into a mass which resists putrefaction, 
namely, leather, the skin then becoming tanned. All those substances, 
the tannic acids, were at first supposed to be identical with gallo-tannic 
acid, or to differ from it only in consequence of the admixture of 
foreign matters. In the third edition of this Handbook, a distinction 
'^vas made between tannin which gave a blue, and tannin which gave 
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a green colour with ferric salts (see below) ; but tliis distinction lias lost 
its value since the discovery of a number of distinct tamiic acids 
existing in nature. The more exactly investigated bodies of this 
group will be separately treated in an Appendix to Gallo-tannic acid, tlicir 
formulge not being sufficiently wcU established to enable us to assiiine 
their exact places in the general system. Moreover, the researches 
hitherto published do not enable us to determine with certainty, which 
of these acids may correspond to gallic or to cllagic acid (that is to 
say to the products of decomposition of gallo-tannic acid). (Kr.) 

On the validity of the distinction between iron-Uueing and iron- 
greening tannin, several views have been put forward, in which, how- 
ever, these denominations have been understood as applying to two 
groups of bodies. If, according to Geiger, water containing a small 
quantity of alkali be gradually added to a ferric salt which has been 
turned green by any kind of iron-greening tannin, the green colour 
changes to violet-black, the tint usually produced by iron-blueing 
tannin. On adding an acid, the green colour is restored. — According 
to this result, the difference between the two groups might be that 
the iron-blueing tannin is less rich in free acid ; nevertheless, it reddens 
litmus more strongly than the other kind of tannin. It appears to 
contain [ ? to be capable of yielding] a larger pro].)ortion of gsillic! 
acid; but iron-blueing tannin is not converted into the iron-grooning 
kind by addition of gallic acid, (Gmelin.) — The blue or green reaction 
is by no means an infallible characteristic of the species of tanjiic acid, 
since bases colour the ferric compounds of tannic acid blue, and acids 
change the blue to green. With ferric acetate, the iron-greening acids 
form a blue compound; the green compomid which they form with 
other ferric salts, is turned blue by addition of a siilliciont quantity of 
acetate of lead, cither neutral or basic, and even by a largo quantity 
of gelatin. A compound of iron-greening tannic acid with lead-oxide, 
is turned blue l)y ferric sulphate; au iron-greening tannic acid is 
turned blue by continued exposure to the air, in contact with water 
and iron -turnings. (Oavallius,* Berz, Jahresh. 184-1, 274.) But the 
colours thus obtained with iron-greening tannic acids are very different 
from those produced by the iron-blueing acids, and the two cannot 1:)0 
converted one into the other. Thus, catechn-taTmic acid (obtained ])y 
exhaxmting catechu with a small <|uantity of water: see below) left in 
contact for a few days with iron filings, assumcB a dirty gny isli, not 
a l)lack-blue colour, and tlic iirccijiitate does not turn greim whcfii 
treated with a small (luantityof acetic acid, but dissolve's on tlu^ jidtii- 
tion of a larger quantity, and is prcciintatml i)uri>lc-grey on addition 
of ammonia. The iron-greening tannic acids of cahiclin, Icino, alder, 
larch, and birch-bark, and of tormentilla-root, are likewise incapalile 
of yielding a good ink. The extracts of irou-greeuing parts of ]>]ants 
do not yield pyrogalHc acid by (h*y distillation, unless they contain 
gallic acid ready formed. (Stenhonse.) This also shows the "incorrect- 
ness of the view advanced by Ilcnnig (iV. lh\ ArcL 78, 150), wlio 
regards the two groups as not essentially different from gallotanniii, 
and as identical tlicrewith when pure. 

All iron-greening tannic acids (as those from kino, torment ilia and 
bistorta roots) yield pyrocatcchin (xi, 379) by dry distillation, whereas 
the iron-blueing acids yield pyrogallic acid (xi, 898). Many plants con- 
tain both iron-blueing and h'on-greening tannin; and these yield, ])y 
fractional precipitation with sugar of lead, fii'st iron-bliieing and after- 

2^ a 2 
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wards iron. -greening precipitates. This is the case with tormentilla 
and bistorta roots, both of which yield at first an aqiieotis extract, 
wliich turns ferric salts bine, bnt after incomplete precipitation, with 
sugar of lead, turns them green (Eissfeldt, >4 Pharm. 92, 109 ; Uloth, 
Pharm, 111, 215). 

Tannic acids occur especially in perennial plants, but are likewise 
found in annuals and biennials (Wahlenbcrg). Pettenkofer {N, Jlepert. 
3, 74 j, found tannic acid in Solwmm tuherosimi and Potent ilia tormentilla^ 
which are perennial, but not in the annual species, Solanuni tuheromm 
[? s. Dulcamara or S. nigrumi and Potentilla amerhia. — Tannic acids 
are found in the perennial roots of annual species, in the bark of most 
tree-stems, and in the young branches of shrubs and woody plants. 
The white inner part of the bark, lying next to the alburnum, contains 
the purest tannic acid, whilst the middle portion contains more 
extractive matter, and the outer bark is generally destitute of both ; 
young balks contain more tannic acid than older barks, in which, 
indeed, they are for the most part converted into brown extractive 
matters (Davy). Tannic acids are also found in the husks of fruits and 
seeds, and in unripe fruits, less frequently in the leaves, and least of all 
in the petals. According to Wahlenberg, they arc never found in the 
interior of the seed, or in poisonous plants, or in such as contain 
caoutchouc or milky juice. 

Xrounhlming tannic acids are found in the leaves, bark, (fee., of the oak, 
poplar, birch, hazel-nut, and other trees ; the leaves of Arhutm Uva ursi 
and Arhitus Unedo, Lythrwn salkaria^ the stalks of Bihes ruhrtim, the bark 
of Corms inascula, and many other plants and vegetable organs . — < Iron^ 
greening tannic acids occur in catechu, cinchona-barks, pines and firs, in 
the root of Crameria triandra, Pheum Rhaponticum^ tornientil, — in the 
bark of Salixtrianda and S.undulata, of Alnus glutinosa^ Pinm Lanx and 
Rhizophora Mangle^ the common black mangrove (Stenliouse), and many 
other plants. 

The tannic acid of the Sumach is identical with, or very similar to, 
gallo-tannic acid. It yields pyrogallic acid by dry distillation, and gallic 
acid when decomposed by sulphuric acid. (S'tenhouse.) — Black tea 
contains a small quantity of boheic acid (xii, 473), and a very large 
quantity of gallo-tannic acid. The aqueous infusion precipitated with 
sugar of lead yields a salt, the organic substance of which contains 
50‘4 p. c. 0., 4*2 H., and 45*4 0., agreeing therefore in composition 
with gallotannate of lead. When boiling aqueous sugar of load is 
added in excess, a precipitate is formed containing G4-40 p. c. lead- 
oxide (Eochleder, Ann. Pharm. 63, 202); The aqueous extract, cither 
of black or of green tea, yields, by dry distillation, pyrogallic acid, 
proceeding from the gallic acid contained in the tea. From the infusion 
of the tea, ^ voL oil of vitriol throws down a dark brown precipitate, 
which dissolves in water much more easily than that from gallo-tannic 
acid, and does not yield any p;;^ogallic acid by dry distillation. When 
boiled with dilute sulphuric acid, it does not yield any gallic acid, but a 
brown substance sparingly soluble in water, and is therefore altogether 
different from gallo-tannin (Stenhouse). On the tannic acid of tea, see also 
Mulder 43, 635.) — The tannic acids of hm and of tormentil root^ 
agree when pure with gallo-tannic acid ; in the impure state, they pre- 
c^itate ferric chloride green or grey j in the pure state, blue-black 
(Hemng): see Kinoiannic acid. — The tamiic acid of oah-hark is regarded 
by Berzelius (Lehrhuch, 3 Aufl. 6, 213), as identical with gallotannic 
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acid. According' to Stenliouse, it yields neither gallic nor pyrogallic 
acid ; the precipitate produced by boiling with dilute sulphuric acid is 
red-brown and nearly insoluble in water. 

Mirabelles, Valonia, Dividivi, the fruit of longifoUiwi, bis- 

torta-root, pomegranate-bark, and the bark of the birch, hazel-nut and 
larch, contain tannic acids different from gallo-tannic acid (Stenhouse). 

Turkish gall-nuts contain 65 p. c. tannic acid (Guibourt), 72 p. c. 
(Mohr), 55 to 60 (Biiclmer), Chinese gall-nuts contain 69 p. c. (Bley, 
Stein) ; Bassorah gall-nuts, 26 p. c. (Bley, AL JBr. Arch. 75, 138). 

JPrejyaration, 1. A displacement apparatus is half filled with finely 
pulverised gall-nuts, and commercial ether containing- water and 
alcohol is poured in. The liquid which runs away separates into 
two layers, the lower of which is a heavy, syrupy, amber-coloured 
solution of tannic acid, water and ether, while the upper is mobile, 
consisting of ether, water, galhc acid, and a small quantity of tannic 
acid. Ether is poured into the apparatus as long as the lower stratum 
continues to increase ; the upper layer is then removed ; and the lower 
is repeatedly washed with ether, and dried in vacuo, or by heat. Gall- 
nuts thus treated yield from 35 to 40 p. c. tannic acid (Pclouze). A 
better mode of proceeding is to stir powdered gall-nuts to a paste with 
commercial ether, leave it to macerate, iness through linen, and 
exhaust the galls by repeated treatment : the product thus obtained 
amounts to 60 per cent. (Lccannot, J. Pharm. 22, 149 ; Ami. Phemn. 
18, 179. — Domine, A". J. Pharm. 5, 231). The latter uses commercial 
ether of 56^ Baume, and leaves the gall-nut powder previously for 
4 days in a cellar, so that it may absorb moisture, before submitting it 
to the action of the ether. The tannic acid thus obtained is somewhat 
less pure than that which is prepared by displacement (Beral, Mohr). 

2. 100 pts. powdered gall-nuts are treated in the displacement 
apparatus with a mixture of 300 pts. ether, 15 pts. alcohol of 90 p. c., 
and 5 pts. water (or 20 pts. alcohol of 69 p. c.) ; the residue, after the 
liquid has run off, is twice treated with the same mixture, three 
times with pure ether ; and the wliolc of the extracts are shaken - 
up together, and left to settle for a week. The upper of the two layers 
thus formed is decanted from the syrnp below; the latter is evaporated 
over the water-bath ; and the residue is dried between 100° and HO”. 

The decanted ether deposits an additional quantity of syrup, if a third of it is subjected 
to distillation and the residue thereby obtained is mixed with the remaining: two -thirds, 
or if a little water is added. To free the tannic acid thus obtained (or 
according to 1) from admixed gallic acid, ellagic acid, volatile oil, and 
chlorophyll, 100 pts. of it are shaken up with 100 pts. water and 200 
pts. ether, whereby three layers are formed, the upper coneistiug of 
ether, the middle of aqueous gallic acid and impure tannic acid, while 
the lowest, which is syrupy and amounts to 215 pts., loaves, on 
evaporation, 90 pts. of pure tannic acid (Guibourt). — Bdral, (/. CJdm. 
mid. 75, 225) adds to 8 pts. gall-nut powder the half of a mixture of 
12 pts. ether, 3 pts. alcohol of 85 p. c. and 1 pt. water; places the mix- 
ture in a funnel provided with a stop-cock; pours the rest of the 
liquid on, it ; leaves it to drain away for 6 hours ; displaces the solution 
still remaining in the funnel by pouring in 4 or 5 pts. of water ; and 
evaporates the filiercd liquid. The same process is adopted by Brandos 
(A. Bi\ xirch 21, 329).-— Molii' employs for the extraction a mixture of 
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equal volumes of ether and alcohol of 90 p. c. The filtrate is syrupy, 
but thinner tlian that obtained by 1, and forms only one layer, exhibits 
but little turbidity on the addition of a largo quantity of ether, and if 
7 fluid ounces of ether are used to 2 oz. of galls, yields a quantity 
of tannic acid amounting to 72 per cent, of the galls. If a mixture of 
4 vols. ether and 1 vol. alcohol of 90 p. c. is used, the extract has the 
same constituti(nx (Mohr, Sandrock). — AVith Chinese galls, hydrated 
ether acts better than ether-alcohol (E. Kicgcl, N. Jahrl), Fharm, 
3, 252). 

3. Pour parts of gall-nut powder covered with 8 pts. water, arc 
left to stand for two hours ; the liquid is filtered ; the filtrate, amount- 
ing to about 4 pts., is mixed with 2 pts. ether and poured into a tap- 
funnel ; and the syrupy layer thus formed (containing 40 ])ts. tannic 
acid to 7 pts. water and 53 pts. .ether), is separated from the upper 
liquid; which latter, if again agitated with ether, yields an additional 
quantity of syrup. By this process, of the tannic acid contained in 
the decoction is obtained (Beral). 

4. Aqueous extract of gall-nuts is exhausted with other, which 
takes up the gallic acid together with part of the tannic acid ; the solu- 
tion is then evaporated ; and the admixed crystals of gallic acid arc 
dissolved out of the resuiue hy small cjuantities'of other (Berzelius). 

5. Gall-nut powder is oxliaiistcd with a moderate quantity of hot 
water, strained tlirough linen and pressed ; the turbid infusion is stirred 
up with a small quantity of dilute suli>hiuic acid, wliich precipitates 
the matters causing the turbidity, so that at last the liquid goes clear 
and easily through the filter ; and oil of vitriol is added to the filtrate 
as long as the precipitated white fiocks are thereby made to unite, in 
the course of an hour, into a brownish pitchy mass, which, in addition 
to tannic and sulphuric acids, contains oxidised extractive matter, and 
perhaps also other substances. The liquid decanted therefrom is 
mixed with oil of vitriol, as long as a precipitate is thcrol:)y formed ; 
the white or yellowish flocks are thrown upon a filter, washed with 
water containing a sufficient quantity of sulphuric acid to prevent it 
from exerting a solvent action, — pressed hetwmen bihiilous paper as 
long as they render the paper moist, and thcii dissolved in cold water ; 
the solution is mixed with finely pulverised carbonate of kaicl as long 
as effervescence ensues, and placed in contact with a small quantity of 
carbonate of lead till it no longer precipitates chloride of barium; and 
the filtered liquid is immediately evaporated in vacuo. The solution 
in boihng water of the pitchy precipitate obtained with siilpliuih; acid, 
deposits, on cooling, a similar, but still more impure, pitchy substance; 
whilst pui'er tannic acid remains in solution, which, however, caimot 
be obtained quite pure by treatment with carbonate of load, &c. 
(Berzelius). — Itochleder & Kawalier employ hydrochloric instead of 
sulphuric acid, the former, according to Stonlionso, precipitating tannic 
acid more completely from its aqueous solution. 

* clarified with a_ very small quantity of sulphuric 

acid and filtered, as in method 5, is mixed with acpxcous carbonate 
of potash or carbonate of ammonia, as long as any tiling is tlieroby 
precipitated (if too much^ alkali is present, the precipitate ro- dis- 
solves) ; the white prccqntate, containing tannate of potash or 
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ammonia, is washed on the filter with the smallest possible r|iiantity 
of cold water, then dissolved in boiling* dilute acetic acid, and the solu- 
tion is left to cool, foreign matters then separating out. The liquid 
separated therefrom is precipitated by basic acetate of lead ; the washed 
and still moist precipitate is suspended in water and decomposed by 
hydrosulplmric acid; the liquid is filtered ;j and the limpid filtrate is 
immediately evaporated in vacuo over carbonate of potash (Berzelius). 
— 7. Gall-nnt i)Owder is exhausted with cold water; the filtrate is 
nearly neutralised with ammonia, so that it retains but a slight power 
of reddening' litmus — then precipitated by chloride of barium ; the t an- 
nate of barium is loft to settle down in a bottle filled with the liquid ; 
the solution is decanted ; the precipitate washed on a filter with cold 
water, whereby it is turned green and partially dissolved, — then dis- 
solved in acetic acid ; the liquid is filtered and precipitated by basic 
acetate of lead ; and the precipitated tannate of lead is decomposed by 
hydrosulphuric acid, as in 6. (Berzelius.) 

The older methods of Thomson, Grotthus {Scim, IS, 132), Proust 
{Seller. J. 2, 252 ; 10, 91), Bouillon-Lagrange, Merat-Guillot (Scher. J. 
10, 87), Trommsdorff (J.. Gehl 3, 111. — Tr. 2, 1, Gl.— Tasclwib. 
1820, 43), Schrader (Ah Gehl^ 8, 509), Loper (iTl 7V. 5, 1, 339), Meissner 
(Bei'l. Jalirh. 29, 2, Gl, and 91), yield impure tannic acid or sometimes 
none at all. — To obtain tannic acid from vegetable substances con- 
taining too great a proportion of foreign matters to admit of direct 
extraction with ctlier, the aqueous extract is precipitated with acetate 
of quinine, cinchonine, or some ether vegetable alkali ; the washed pre- 
cipitate is dissolved in alcohol ; the tannic acid is precipitated with 
neutral acetate of lead ; the precipitate decomposed by hydi’osulphuric 
acid ; the filtrate evaporated to dryness in vacuo ; the residue dissolved 
in ether-alcohol; and the solution again evaporated Traite^ 

3, 849). 

JPurificatmL 'By s(jlution in ether of sp. gr. 0*72, which leavCvS un- 
dissolvcd the greater part of the yellowish brown tannic acid rendered 
fluid by the wc^-tcr in the other (Berzelius). The ethereal solution of 
tannic acid (prepared by 1) is mixed with such a qitantity of water as 
to form three layers, the lowest of which is synq^y and may bo 
separated by a tap-funnel, this liquid is then mixed with water, and 
wax'med till the ether or alcohol is comphjtcly expelled, thou evaporated 
in vaexxo over oil of vitriol, and the residue is dried l)otwecn 120'^ and 
130° (Streckcr). From impure tannic acid, anhydrous ether extracts 
gallic acid, fat and resin, and likewise ollagic acid if it has been pre- 
pared with othcr-alcohol. Of the three layers formed by agitation 
with etljor and water, the middle one contains tlicso impurities dis- 
solved in ether (Lul)oldt). 

Tannic acid prepared and purified by method 1, cannot be further 
resolved into dirPerent substances by repeatedly treating its ethereal 
solution with water, but exhibits the same composition before and 
after this treatment (Strccker). Eochleder & Kawalier, on the other 
hand, regard the tannic acid obtained from gall-nuts by exhaustion 
.with ether and water, as a mixture still containing gallic and ellagic 
acids this conclusion they deduce from the following experiments : — 

Turkish gall-nuts exhausted with ether and water in the displace- 
ment apparatus yield a solution whicli separates into three layxuu, 
the uppermost a being yellowish and mobile, and containing a large 
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quantity of gallic acid; tlie lowest p having a brown colour and 
depositing a large quantity of ellagic acid, when left for some time out 
of contact with air, or when treated with acids ; and the middle 7 
being brownish yellow and syrupy. This middle layer separated, 
washed with ether, mixed with water, warmed till tlic ether is 
evaporated, and then precipitated with neutral acetate of lead, yields 
a yellowish white precipitate ; aiid, on treating this precipitate a with 
50 cc. acetic acid and 200 cc. water, — the undissolvcd portion h with 
100 cc. acetic acid and 200 cc. water, — and in like manner the suc- 
cessive undissolved portions, c with 150 cc. acetic acid and 150 cc. 
water, d with 200 cc. acetic acid and 100 cc. water, and e with 200 cc. 
acetic acid, five solutions a, b, 0, d, e are obtained, together with a 
residue/. Each of these solutions is precipitated "^vith basic acetate of 
lead ; and the precipitates, after washing with water, are decomposed 
by hydrosulphuric acid, the precipitate / being also treated in the same 
manner. ^ On filtering the solutions from the sulphide of lead, and 
evaporating them, first in a stream of carbonic acid, afterwards in 
vacuo, a leaves nearly pure gallic acid ; b a mixture of gallic and tan- 
nic acid ; c tannic acid with traces of gallic acid ; — while d and e 
leave a transparent vitreous mass which gradually l3ocomes opaque, 
perfectly white, and very friable ; f leaves ellagic and tannic acid. 
d^ dried at 100° in vacuo, contains 50*81 p. c. 0., 3*86 IT., and 45*33 0., 
and when boiled with hydrochloric acid in a stream of carbonic acid, 
yields 1*38 p. c. ellagic acid and 4*38 p. c. sugar; but this portion of 
if twice boiled in the state of powder, with quantities of ether not 
sufficient to dissolve it completely, and, after the removal of these 
somewhat coloured extracts, dissolved completely in ether, and 
evaporated in vacuo after addition of water, contains 51*72 p. 0. 0., 
3*76 H., and 44*53 0., and yields with hydrochloric acid, 0*73 p. c. 
ellagic acid and 7*07 p. c. sugar. — e behaves externally like c?. -— The 
tannic acid of /, when separated from the ellagic acid, contains 
52*21 p. c. 0., 3.59 H., and 44*20 0., and yields with hydrochloric acid, 
7*27 p. c. ellagic acid and 4*96 p. c. sugar (Rochleder & Kawalier). 

P’arification according to Eochleder k Kawalier. — The solution of 
tannic acid in the smallest possible quantity of water is shaken up 
with a small quantity of solution of neutral acetate of load; the 
filtrate is mixed with water, and filtered again from the very impure 
taimate of lead thereby precipitated ; and the new filtrate is i)recipitatc(l 
by neutral acetate of lead in three portions. By decomposing tlu^ 
first and thhd of these precipitates with hydrosulphuric acid, and 
expelling* the excess of that acid by a stream of carbonic acid, solu- 
tions are obtained, wliich, when boiled *with hydrochloric acid out of 
contact with the air, yield a large portion of ellagic acid. If the tannic 
acid solution obtained in like manner from the middle portion be pre- 
cipitated by tartar-emetic, with addition of a little carlxmate of 
ammonia, the precipitate washed with hot water and decomposed 
under water with hydrosulphuric acid, —and the excess of that acid 
expelled by passing* carbonic acid into the hot liquid, the filtrate, when 
left to itself in vacuo, becomes turbid and deposits a brown substance, 
llie solution separated from this substance by filtration, and evaporated 
colourless amorphous tannic acid, which, when boiled 
with hydrochloric acid, no longer yields ellagic acid. 

Estimation of Tannic Acid m Astringents, 1. The aqueous extract is 
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mixed with solution of gelatin, as long as a precipitate is thereby pro- 
duced, the quantity of tannic acid which the same solution of gelatin 
(or another of known strength) is capable of precipitating, having 
been determined by a previous experiment. (Wheeler, Cliem. Soc. 
a, 319 ; Fehliiig, Pharm. Gentr. 1853, 872 ; Dmgl 130, 53.— -G. Muller, 
JDingl 151, G9 ; Chem. Gentr. 1859, 42.) Milllor mixes the gelatin- 
solution with ^ pt. alum, to accelerate the clarification of the liquid. 
--To obviate the necessity of filtering, or waiting for the slow depo- 
sition of the precipitate towards the end of the experiment, Wheeler 
dips into the solution a glass tube loosely closed at the bottom with 
sponge, and tries whether the gelatin-solution which enters the tube 
still gives a cloud with solution of gelatin. — 2. Stein mixes the 
aqueous extract with a known volume of a standard solution of neutral 
acetate of lead, dilutes the mixture to a given volume, and determines 
the quantity of lead remaining in a measured portion of the filtrate. 
{Schweiz, polyt. Zeitschr. 2, 169.) — 3. Monier {Gompt. rend. 577; 
Dingl. 148, 209) mixes the aqueous extract with solution of mineral 
chamseleon, which rapidly decomposes tannic acid, — the quantity of 
tannic acid which this solution is capable of decomposing having been 
previously determined. — 4. Hammer (/. pr. Gliem. 81, 159) determines 
the specific gravity of the solution both before and after the removal 
of the tannic acid, by addition of about a four-fold quantity of animal 
skin, which has been softened in water, pressed between linen, then 
washed, dried, and pulverised. See Table of the specific gravity of aqueous 
tannic acid (p. 463). — On the estimation of tannic acid, see also F. Muller (2V. Br. 
Arch. 38, 147), Lbwenthal (7. pr. Chem. 81, 150); Handtke (7. pr. Chem.S2, 345; 
Pharm. Viertelj. 10, 588; ZeiUchrift fur analyt. Chemie, 1, 104) ; H. Sackur 
{Ueber den Gerbprocess. Disaertat. Berlin, 1860). 

JPropertm. Colourless, amorphous mass remaining, when its aqueous 
solution is evaporated, in transparent, vitreous, shining, fissured, easily 
friable lumps. Inodorous. Tastes strongly astringent, but not at all 
bitter. Reddens litmus strongly. Does not soften between the 
fingers. Acquires a yellow colour by exposure to light, even in closed 
vessels. — No optical rotatory power. (Kr.) 
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The analyses are given in mean numbers. For Rochleder Sc Kawalier’s analyses 
see page 456. Earlier formulse : (Pelouze); (Liebig); 

(Wetherill); (Mulder). Strecker at first proposed the formula 

then that above given, deduced from many accordant analyses and from the products 
of decomposition. Rochleder and Knop doubt its correctness. 



458 GLUCOSIDES WITH 14 AT. CARBON IN THE COPULA. 

Decompositions. 1. Tannic acid heated to 150° or 160°, bocoines 
darker from incipient decomposition (Strockcr) ; at 215° it is^ resolved 
into ■water, carbonic acid, and pyrogallic .acid, which volatilise, and 
metagallic acid, which remains. At 250°, only metagallic is formed, 
without pyrogallic acid. (Peloiize.) The decomposition begins at 180° ; 
at 250°, 6*5 p. c. acid water goes over, which holds the pyrogallic acid 
in solution, while 53 — 59 p. c. metagallic acid remains. Pyrogallic acid 
also sublimes, and the carbonic acid which escapes contains a small 
quantity of a gas not absorbable by potash. (Mulder.) Tliese decom- 
positions are represented by the equations — 

C5iH2203i = 4Ci2HiO‘t + 6C02 •+ 6HO, 

Metagallic 

acid. 


and C5^H22034 + dCO^. 

Pyrogallic Metagallic 
acid. acid. 

The two decompositions may go on simultaneously. (Strccker.) 

Metagallic acid (Mulder’s melangallic, Gerhardt’s gallulmic add) — which is like- 
wise produced hy rapidly heating gallic acid to a temperature between 240° and 
250® (xii, 401) — remains in the distillation vessel in which gallo-tannic is heated, as a 
black, highly lustrous, tasteless mass, and exhibits the same composition whether 
prepared from tannic or from gallic acid, or after solution in potash-ley and precipi- 
tation with acids, — containing, on the average, 66*15 p. o. C., 3*86 tl., and 20*99 O., 
and answering, according to Pelouze, to the formula (calc. 66*06 C., 3*70 H., 

and 29*64 O.). It is quite insoluble in water; dissolves easily and without residue in 
aqueous ammonia, potash, and soda, also in glucina (?), and is precipitated by acids. 
When aqueous potash is boiled to saturation witli precipitated metagallic acid, the 
solution is neutral to vegetable colours. The acid eliminates carbonic acid 
from alkaline carbonates, but has no action on pure baryta or its carbonate. 
The potash-salt forms black precipitates with metallic salts ; the silver-salt con- 
tains 53*88 p. c. AgO ; 34*11 C., 1*47 H., and 10*54 O. (Pelouze). — According 
to pelouze, metagallic acid, prepared hy heating tannic or gallic acid, is apt to 
retain pyrogallic or gallic acid. ^When freed from these acids by heating it as 
long as it yields any sublimate, it contains, on the average, 66*75 p. c. C., 3*60 H., 
and 39*65 O. ; its silver-salt obtained by mixing the ammoniacal solution of the acid 
with nitrate of silver, and precipitating with acetic acid, retains ammonia when dried 
at 140°', and has a silvery lustre. By digesting the excess of acid with potash -ley for 
several hours, evaporating the -filtrate, and drying at 130®, the potash-salt is produced 
containing 12*2 p. c, KO., 58*5 C., 2*4 H,, and 26*7 0. From these results, Muldex* 
i*epresents the acid and the potash-salt by the formulae and 

2. Taimic acid beated in a platinum spoon, decrepitates, nndorgotiB 
semifusion,^ swells np, carbonises, takes nrc, and burns with a briglit 
flame, leaving* an easily combustible cinder. (Berzelius). - — 3. Exposed 
on a watch-glass to strongly ozonised air^ it acquires a yellow or 
yellow-brown colour, becomes glutinous and fluid, strongly acid, from 
formation of oxalic acid, mxd if the action be continued long enougli, 
disappears completely, being converted into water and carbonic acid. 
(Sclionbem, J. pr. Cliem. 81, 12). — 4. Aqueous tannic acid, throngli 
wliicli ozonised air is passed, absorbs it quickly and completely, becomes 
dark brown-red, then again lighter, and forms oxalic acid and a sub- 
stance which reduces cupric oxide, these products being decomposed 
by the further action of the ozone, so that the liquid ultimately leaves 
but little residue when evaporated. (Gorup-Bosauez, Ann. Fharm. 
110, 106). When ^ a vei*y dilute aqueous solution of taimic acid is 
exposed to the it becomes turbid, from separation of grey crystal- 
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lino gallic acid ; oxygen is absorbed at the same time, and an equal 
volume of carbonic acid is produced. (Pelouze.) Aqueous tannic acid, 
evaporated with aid of heat in open vessels, leaves a brown non- trans- 
lucent mass, which, when treated with water, leaves a dark-brown 
residue, a further quantity of which is obtained by repeated evaporation 
and re-solution (Berzelius). This residue is the oxidised tannic acid 
of the older chemists. — Peroxide of hydrogen and oxygenated oil of 
turpentine do not produce any perceptible alteration in tannic acid. 
(Schdnbein.) 

5. Aqueous tannic acid dissolves finely divided iodhie. (Dobaiiquc, 
N. Br. Arch. G8, 191 ; Pharm, Viertelj. 1, 278). When 7 pts. tannic 
acid are triturated with 1 pt. iodine and 800 pts. water, a turbid liquid is 
produced, which does not give any hidication of the presence of iodine 
when tested with starch ; it deposits black-brown crystals free from 
iodine, amounting to |th of the tannic acid used, and resembling tannic 
acid in their behaviour to gelatin-solution and allealoids. The iodated 
solution is rod-brown, strongly acid ; does not colour the skin ; gives 
a black precipitate with solution of gelatin, albumin and alkaloids, It 
dissolves a quantity of iodine equal in W' eight to the tannic acid 
employed. On mixing it wdth lime, tannic acid is precipitated, the 
whole or nearly the wdiole of the iodine remaining in solution as iodide 
of calcium. Sugar of lead added to the solution, thro^vs down iodide, 
and then tanuate of lead. The solution docs not yield cither iodine or 
liydriodic acid by distillation, and when evaporated, gives off only a 
small quantity of iodinc-vmpour as the mass becomes dry ; neither can 
iodine be detected by starch in the rcsidiio of the distillation. (Soequot 
k Guillcrmond.) — C- Aqueous iodic acid eliminates from tannic acid, 
even in the cold, carbonic acid mixed with a small quantity of carbonic 
oxide, (Millon, Coing)t. rend. 19, 272.) lodate of potash produces a daik, 
and on heating, a nearly black coloration ; alcohol does not produce any 
precipitate in the mixture. (Sirnon, liepert. G5, 205.) — 7. Bromine acts 
violently on tanuate of potash, and forms a brown resin. (Oahonrs, 
JV. Am, Ohim. Phys. 19, 507.) — 8. By small quantities of chlorine^ 
aqueons tannic acid is clouded, coloincd brown, and altered as by 
evaporation in contact with the air; a larger quantity of chlorine 
decomposes it completely (Berzelius). — Chlorate of potash scarcely 
exerts any action upon it (Simon). 

9. Oil of vitriol dissolves gallo- tannic acid with lemon-yellow or 
hrowE-ycllow colour, becomes purple-red, and gives off sulphurous 
acid when moderately heated, and at a stronger heat, becomes pitch- 
black and forms humic acid (VVackenroder). — By boiling, or by con- 
tinued digestion at a moderate lieat with dilnte sulphuric add) tannic 
acid is resolved into gallic acid (Liebig) and dcxtro-glncose (Streckor, 
sec page 344). Small quantities of ollagic acid and Immous substances 
are likewise formed, probably as secondary products. (Strecker.) 
Acetic acid is not produced in this reaction (Liebig). 

Liebig and Stas long ago supposed {Ann. Pharm. 80, 205) that a 
carbo-hydrate is formed in this decomposition, in addition to gallic 
acid. — 100 pts. tannic acid yield 22 pts. glucose (Strecker), at most 
87*4 pts. gallic acid (Wctherill), as much as 95 pts. gallic acid, togcjthcr 
witli other products of decomposition, the weight of all tlicso products 
taken together being equal to that of the tannic acid employed (Knop). 
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By the use of properly diluted sulphuric (or hydrochloric) acid, nearly 
the whole of the tannic acid may be obtained in tlie lorm of gallic acid 
(Stenhoiise). According to Strcckcr's oquafcioii, 100 pts. tannic acid 
should yield 82%5 pts. gallic acid and 29*1 pts. glucose (see also the reaction 
with hydrochloric acid). 

The crystallisation of the gallic acid is comparatively rapid and 
abundant, when gall-nut powder .is moistened with dilute sulphuric 
acid and exposed to sunshine, tufts of ciystals then appearing on the 
surface in a few hours, and additional quantities being obtained by 
repeatedly moistening the powder with acid and then drying it. Pure 
tannic acid tlms treated likewise yields white crystals of gallic acid 
(Horsley, J, pr. Chem. 72, 192). 

Tannic acid boiled with an insufficient quantity of dilute sulphuric 
(or hydrochloric) acid, forms a nut-brown humous substance, Sten- 
house’s melantannic acid, which is tasteless, reddens litmus, is insoluble 
in cold, sparingly soluble in hot water, hut dissolves in alcohol and in 
alkalis ; the ammoniacal solution forms dark-coloured precipitates with 
metallic salts (Stenhoiise). 

When tannic acid is boiled with aqueous hjdrochlojdc acid out of 
contact with the air, ellagic acid and sugar are almost always obtained, 
their quantities however not bearing any definite proportion to one 
another (Eochleder & Kawalier). When aqueous tannic acid was pre- 
cipitated by hydrochloric acid to the amount of one-third, and the 
solution decanted from the precipitate again precipitated in the same 
manner to the amount of one-half, the solution decanted from this 
last precipitate, and treated with hydrochloric acid, deposited the rest 
of the gallic acid in pure white flocks. On dissolving these in water, 
and bailing with hydrochloric acid in an atmosphere of carbonic acid, 
the liquid became yellowish at the boiling heat— but not darker after 
four hours, — and deposited ellagic acid. The solution left to cool in the 
atmosphere of carbonic acid, and separated after 24 hours from the 
ellagic acid, then evaporated down to one-lialf in vacuo over oil of 
vitriol and stidis of potash, solidified to crystals of gallic acid, and the 
other half treated as described at page 340 of this volume, yielded 
crystals of glucose. In this manner, tannic acid containing 50*69 p, c. 
carbon, 3*74 hydrogen, and 35*57 oxygen, yielded 5*58 p. c. ellagic 
acid and 9*49 p. c. sugar but tannic acid with a diffcnuit 

amount of carbon, yielded other quantities of the two su].)HtaxiceH (see 
page 456). Hence tannic acid, even when freed as completely as pos- 
sible from admixed ellagic and gallic acid, generally contains a com- 
pound which jnelds ellagic acid, — a second which yields gallixj acid 
(these two acids not being formed one from the other), and perhaps 
also sugar, — or possibly a third from winch the sugar is produced. It 
is possible indeed, by the method given at page 456, to obtain a tan- 
nic acid free from the compound which yields ellagic acid, but not to 
free it from the second body which yields glucose in the decomposition, 
although the quantity of sugar may be reduced as low as 4 per cent. 
The greatest quantity of sugar obtained amounted to 9*49 p. o. of the 
tannic acid. A tannic acid having the composition found by Btreoker, 
yielded 7*27 p. c. ellagic acid, and 4*96 p. c. sugar (Eochleder & 
Kawalier). Hence Eochleder & Kawalier regard tannic acid as a 
glucoside (see also the statements of Knop and Eobiquet). 

10. Nitric acid does not precipitate aqncous taimic acid, or with 



GALLO-TAKNIC OR TANNIC ACID. 


461 


difficulty only, but colours it yellow, then red, and decomposes it c]['aickly, 
with formation of oxalic acid (Stenhouse). — 11, When aqueous tan- 
nic acid is mixed with aqueous osmicacid of the strength of 3 per cent., 
an inodorous, deep-blue liquid is formed, transparent only in thin films, 
and leaving on evaporation a black-blue, amorphous, insoluble layer. 
On dissolving this residue in aqueous osmic acid, osmic oxide is 
separated, the reaction being accelerated by heat, and the rod- brown 
filtrate obtained after heating the liquid with ammonia, yields by 
evaporation brown crystalline needles and a humous substance. The 
needles contain oxalic acid and an acid very much like suberic acid 
(Buttlerow, J. 2')r. Chem. 56, 207). 

12. Tannic acid boiled with excess of \Ye£ik potash-ki/ yields gallic 
acid (Liebig, .xii, 398). The solution separated from the gallic acid 
does not contain acetic acid. By |)rolonged boiling, the gallic acid is re- 
solved into carbonic and pyrogallic acids (Liebig). In contact with 
the air it changes, as described at page 401, vol. xii. With cold potash- 
ley ill contact with the air, it forms tannoxylic acid (xii : 437, Biichrier). 
Aqueous tannic acid agitated with soda-ley and oxygen, becomes 
transparent and brownish yellow when supersaturated with dilute 
sulphuric acid, and yields peroxide of hydrogen to ether (Schbnbeiii, 
J,pr. CJiein, SI, 12). 

When tannic acid is treated with alkalis in a current of hydrogen, 
gallic acid and a gum are produced (Rochledcr k Kawalier, 

Wien, Akad. Ber, 22, 558). — 13. Tannic acid boiled with k/drateqf 
haryta^ yields gallic acid and glucatc of baryta (Rochlcder A Kawalicr). 
Baryta- or lime-water in excess quickly colours tannic acid green, blue, 
red and yellowish brown ; acids decolorise the solution (Wackenrodcr). 

14. When tannic acid is boiled for several hours with an equal 
weight of momsulpliite of soda or ^wtash and 12 pts. of water, or when 
the solution is evaporated till it froths up in viscid bladdei's, a quantity 
of anhydrous gallic acid is obtained equal to 75 — 79 p. c., and 5 or 6 per 
cent, of a second body, which contains an equal number of atoms of car- 
bon, hydrogen and oxygen, but is not sugar (Knop). Knop like wise 
found small quantities of ellagic acid, which perhaps was prerionsly 
contained in the tannic acid. On evaporating to complete dryncs.s with 
sulphite of soda, and redi&solving in the smallest possible quantity of 
boiling water, ellagate of soda remains behind, together witli a green fat 
contained in the tannic acid ; after tliis has hecii removed by filtration, a 
quantity of alcohol about equal to 8 or 10 times tire w(u‘ght of the tannic 
acid used is to be added. By this moans a red-brown syrup is precipitated, 
while sulphite aucl gallate of ammonia remain dissolved and crystal- 
lise from the decanted liquid. The red-brown syrup contains sulpiliitc 
of soda in combination with a dark brown stibstance, which acquires 
a crimson colour with oil of vitriol, and forms a compound with, oxalate 
of soda, which crystallises in needles, but cannot be obtained of 
constant composition. The syrup dissolves in water and in alcohol, 
less easily in absolute alcohol, and not at all in ether (Knop, Ckm, 
1857, 370). — 15. Tannic acid boiled with aqueous sulphite of 
ammonia yields crystalline gallamic acid (xii, 435) and an amorphous 
substance which remains in the mother-liquor. When the latter is decom- 
posed with hiohlohde of tin, ammonia (not hydrilamine, xii, 435) and ICnop’s former 
paragallicacid are obtained, which latter Knop now regards as a mixture of gallic 
acid with a carbohydrate and water 
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16. Ohromic add, hoatud "witli aqueous gallic acid, quickly docom- 
poses it, with evolution of carbonic acid (Hunefcld, J . pr, Chm. 10, 301). 
Bichromate of potash produces a yellow-brown precipitate, which 
nuicMy turns black (Wackenroder). — 17. Pei'oxide of 'mangaMSc^ heated 
with aqueous tannic acid, with or without sulphuric acid, decomposes 
it, with evolution of carbonic acid and formation of brown extractive!! 
matter. No gallic acid is produced in this reactioii (IliiiKjfeld). By 
permanganate of potash^ aqueous tannic acid is rapidly oxidised, the 
solution, if concentrated, giving off carbonic acid. In this reaction a 
body of undetermined constitution is produced, besides carbonic acid 
and water (Monier). One milligramme of tannic acid dissolved in a 
htre of water, is sufficient to decolorise the acid solution of the per- 
manganate (Monier). When permanganate of potash is added to a 
strongly acid solution of tannic acid, the colour of the permanganate 
disappears quickly at first (the liquid becoming yellow and then 
colourless), more slowly if a portion of the tannic acid has been de- 
composed, so that the instant at which the last portion of the tannic 
acid disappears cannot be recognised with certainty. ICO j)ts. tannic 
acid take up about 60 pts. oxygen from the permanganate (Mohr, 
Titrmnethodej 2 Aufl. Braunscli. 527). 

18. Tannic acid reduces fe7ric solutions partially at common 
temperatures, completely at the boiling heat, to ferrous solutious. 
(Wackenroder, vid. iaf.) — 19. From cupric salts^ it reduccB cuprous 
oxide ; from mercuric chloride, mercurous chloride ; from solutions of 
mercurous or mercunc oxide, it gradually throws down metallic mercuiy. 
(Wackenroder.) Carbonate of silver is reduced by tannic acid, oven in 
the cold. (Schiff, Ann, Fharm. 109, 65.) 

20. Aqueous tannic acid which remains unaltered whciuiot exposed 
to the air, decomposes, with evolution of carbonic acid and formation of 
gallic acid, if it remains in contact with the nitrogenous constituents of 
the gall-nuts, therefore, in infusion of galls, and more quickly in gall-nuts 
moistened with water. (Robiquot, Pelouze.) Ellagic acid is formed at 
the same time. (Erdmann, Mulder.) The formation of mould, which 
commonly takes place, has no influence on the transformation. (Winck- 
ler, Mqiert. 53, 401.) The decomposition takes place even in closed 
vessels (Nesenbeck, AT. Br.Aixh. 31, 129), and more quickly in jjropor- 
tion as the solution of tannic acid is more dilute. (Robitpust.) The 
transformation is to be regarded as a fermentation process, inasmuch as 
it is stopped or retarded by antiseptic substances, as alcohol, wood- 
vinegar, creosote, mercuric oxide, and corrosive suldiinatc; xnor(M,)ver 
gall-nuts freed from tannic acid by ether, excite vinous formeniation in 
sohition of sugar. (Laroeque.) The poctase of the gall-tuiis m tlui 
femienl wliich excites the gallic acid fermentation, and the simul taneous 
conversion of the pectoso into pectin. The poctase of gall-nuts is also 
capable of converting the pectin of fruits into poetic acid ; and pcctasc 
from turnips can excite the gallic acid fermentation. Tannic acid pre- 
pared with ether, but not purified, still contains sufficient pexstase to 
give rise to decomposition when dissolved in water. Emulsin, yeast, 
vegetable, or animal albumin, and legnmin, retard, rather than pro- 
mote, the gallic acid fermentation. (Robiquet.) In the preparation 
of gallic acid by method 5, page 399, voL xii, Braconnot observed the 
forination of alcohol — Tannate of quinine, which is insoluble in water, 
is converted by continued digestion with water into soluble gallate of 
quinine. (Lintner, W. Bepert. 1, 411? Fharm. Gentr. 1863, 218A-— 
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Tamiate of soda dissolved in water, together with bicarbonate of 
soda, and mixed with yeasty forms gallic acid and humous substances. 
(Ranke, J,2)r. Clicm. 56, 161.) 

CoinUnations, Tannic acid does not become moist when exposed to 
the air. (Berzelius.) It is hygroscopic, and cannot be dehydrated 
by a heat below 120°. (Mulder.) After drying in vacuo, it docs 
not lose more than 0*8 p. c. of its weight at 120°, nor any more 
till it begins to decompose. (Strecker.) The acid dried at the heat of 
the water-bath, gives off at 150°, 10 p.c. water if it has been obtained 
from ether, 12*85 p. c. if it has been obtained from water ; — the water 
thus given off is free from empyreumatic odour. (Luboldt.) 

Tannic acid dissolves readily in water, forming a colourless frothing 
liquid. 

Sp. gr. of aqueous Tannic acid at 15*^, according to Hammer. 


Tannic acid 
per cent. 

Sp. gr. 

f Tannic acid 

per cent. 

Sp. gr. 

1 

1*0040 

6 

1*0242 

2 

1*0080 

7 

1*0283 

S 

1*0120 

8 

,, . 1-0325 

4 

1*01()0 

9 

r0367 

5 

1-0210 

10 

1*0409 


*ir. Tannic acid is about 200 times less dijf’asibh than chloride of 
sodium : the diffusate contains unaltered tannic acid (Graham, CImn, 
Soc. J. 15, 250). f . 

Tannic acid is precipitated from its aqueous solution by several 
salts, as by sal-ammoniac, common salt, sulphate and acetate of potash 
(not by nitre or Glauber’s salts, according to Strecker), by sulphuric and 
hydrochloric acids (Berzelius), from very concentrated solution by phos- 
iDhoric, oxalic, and tartaric acids (Wackenroder), and by arsenic acid. 
(Berzelius.) When boracio acid is dissolved, with aid of heat, in aqueous 
tannic acid, the mass solidifies on cooling to a white jelly, which dries up 
to a bulky snow-white mass. (Berzelius.) These precipitates were 
regarded by Berzclms as compounds of tannic acid with mineral acids j 
but the precipitate thrown down by sulphuric acid retains, after 
pressure, only a small and variable quantity of sulphuric acid ; that 
produced by hydrochloric acid gives off all its hydrochloric acid in vacuo 
over quick-lime ; hence the precipitates can bo regarded only as mixtures 
of tannic acid with mineral acids, produced because tannic acid is less 
soluble in acidulated than in pure water. (Strecker.) 

Gallo- tannic acid expels cai-bonic acid from its salts ; it precipitates 
most metallic salts, and unites with the oxides, forming the gallotan- 
nates. Tlie acid is terhasic^ its neutral (terhaslc or termaialUc) salts having 
the formula (Strecker) ; but it likewise forms acid and ham 

salts. The salts quickly change in contact with the air, and are difficult 
to obtain pure. 

Tamiate of Animoiiia. — Tannic acid absorbs ammonia-gas which is 
passed over it, forming a compound corresponding to the forniula 
4NI1^, which ttirns brown at 100° 0. giving off water and 
ammonia. (Mulder.) — By nearly nexrtralising aqueous tannic acid 
with ammonia, a yellowish red liquid is obtained, which turns green in 
contact with the air, and is coloured dark rod by excess of ammonia. 
(Biichucr.) 
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Carbonate of ammonia added to aqueous tannic acid tbrows down 
a white precipitate, which changes to a white powder in vacuo. 
(Berzelius.) An excess of carbonate of ammonia causes the white 
precipitate produced at first to disappear immediately, and the licpiid, 
after standing for some time, acquires a red-brown colour, and 
deposits light white docks. (Buchner.)' — Ammonia-gas passed to 
saturation into a solution of tannic acid in absolute alcoliol, throws 
down white flocks, or if the solution is very strong, a white resin, whicli 
becomes friable when repeatedly treated with absolute alcohol. This 
substance, dried between filtering paper and then over oil of vitriol, forms 
a resin having a faint brown tint, and very soluble in water. (Buchiuu-.) 


a, 

108 C 

.. 50-35 

b. 

108 C 

. 51-07 ... 

Bucl)ner, 

mean, 

51-08 

53 II 

.. 4-12 

51 H 

4-02 ... 

4-09 

3 N 

.. 3-26 

3 N 

. 3-31 ... 

3-32 

08 O 

.. 42-27 

60 0 

. 41-00 ... 

40-yi 


.. 100-00 

2C->qP03^,3NI-F.... 

, 100*00 ... 

100-00 


h. According^ to Strecker, who regards this compound as the ammonia-salt of an 
amidated add of tannic acid. 

Tannate of Potash, a. Polyhasic? — The salt h forms, with a certain 
quantity of potash-ley, a yellow solution, which has an astringent hut 
not very alkaline taste, and leaves, when evaporated, a yellow-brown 
transparent extract soluble in water, — The addition of a larger 
quantity of potash causes decomposition during the evaporation. 
(Berzelius.) 

b. Terhask ? — From a not too dilute aqueous solution of tannic 
acid, caustic potash, monocarbonate, and bicarbonate of potash, throw 
down a white powder, which, after washing and pressing, dries up to 
a white earthy mass, permanent in the air. This substance, dissolved 
in a small quantity of boiling Avatcr, separates on cooling in the form 
of a white granular mass, which leaves the same earthy substaiK^e 
on being left to dry spontaneously. It dissolves in ii larger quantity 
of water, forming a neutral liquid, wliich has an astringent taste, and 
solidifies to a jelly when concentrated. It dissolves in warm aqueous 
tannic acid, and separates unaltered on cooling. In filcohol it is luiady 
or quite insoluble. (Berzelius.) 

c. Bibasic, — Alcoholic potash is added to moderately dilute alcr)- 
holic tannic acid till red veins form on the surface. — White crystalline 
flocks, forming when dry an earthy mass, soluble with greenish colour 
in water, partly precipitahle. The aqueous solution, when evaporated, 
leaves a brown smeary mass. (Buchner.) 


54 C 

at 100“. 
324-0 

... 45*48 ... 
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45*00 
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22-0 

3*09 ... 

3-05 

34 O 

272-0 .. 
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94-4 .. 

.. 13-25 ... 
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.... 

712*4 .. 
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Tannate of Soda ? — ^W'hen aqueous tannic acid, neutralised as nearly 
as possible with soda-icy, is left to evaporate freely, there remains a 
gTeenish grey-yellow semi- crystalline mass, with distinct yellow cry- 
stalline knninte on its edges. A small quantity of cold -water dissolves 
a portion of this substance, leaving' a salt similar to the potash-salt b, 
which, if dissolved in boiling w^ater, separates as a neutral white 
powder on cooling*. The crystalline salt, which dissolves in cold watei*, 
is insoluble in alcohol, and molts therein when heated. It has a slig'h-b 
alkaline reaction, and does not precipitate a solution of gelatin, c\mn 
after addition of acid. (Berzelius.) A concentrated aqueous solution 
of tannic acid behaves with caustic soda or its carbonate in the same 
manner as with potash. When mixed wdth excess of carbonate of 
soda, it forms a yellowish solution, which turns green in contact with 
the air, and deposits a small quantity of ycllow-gTeen crystalline pre- 
cipitate. (Buchner.) 

With 5 at JBase to 2 at Acid. — Precipitated by alcoholic soda-ley 
from a cooled moderately dilute alcoholic solution of tannic acid. 
From warm or too concentrated solutions, a resin is precipitated. The prcci})itat0, 
when dried over the water-bath, forms a faintly yellow, earthy, friable 
mass. With a small quantity of water, it coagulates to a gummy 
mass, and with a much larg'er quantity it forms a clear brown solution, 
•which becomes milky as it cools. The concentrated aqueous solution 
evaporated over oil of vitriol leaves a brown film and lamiiue. 
(Biichner.) 





Biichner. 


at 100°. 


mean. 

108 C 

.... 648 .... 

46*59 

46*57 

44 n 

.... 44 .... 

3*16 

3*26 

08 0 

.... 644 .... 

.... 39*n 

39*60 

5 NaO 

.... 155 .... 

11*14 ... 

10*57 

2C'WH2-0'A5Na0 

.... 1391 .... 

.... 100*00 ... 

100*00 


So acoordiBg to Strecker ;j Buchner gave the formula 50'^®H^'*O^^,4NaO — HO. 

Tannate of Baryta. — a. iBaryta- water added to aqueous tannic acid, 
throws down a basic salt. (Berzelius.) Tlie precipitate dissolves in 
aqueous tannic acid, not in excess of baryta-water ; it turns green 
when left to stand, or when washed in contact with the air; also if it 
lias liecTi precipitated with baryta-Avatcr, not in excess. 

h. If carbonate of baryta be added to aqueous tannic acid as 
long' as effervescence takes place, the liquid then hlt(3rcd, and the 
filtrate concentrated, only small quantities of flocks separate on 
cooling ; but alcohol added to the brown solution, throws down a 
white light powder, which, after wasliing 'with alcohol, turns brown on 
drying. 

c. From warm aqueous solutions of alkaline tamiates, chloride of 
barium throws down a white precipitate, sparingly soluble in cold 
water, more soluble in boiling water. (Berzelius.) The light iiocou- 
lent precipitate assumes a very faint reddish colour when washed, and, 
after drying at 100®, contains 39-7 p. c, 0., 2‘8 IT'., 36*8 0., and 20*7 
BaO. (Buchner.) Buchner gives the formula 4C^®H®0^®,3Ba0 : Strecker 
reg'ards the salt as a mixture of tcrbasic 8Ba0), and hihasic 

salt (C“^I-PV,2BaO.). 

Sirontia reacts with tannic acid like bai:yta* (Berzelius.) 

VOL. XY. 2 II 
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Tannote of Lme,— -Milk of lime, added ia excess to aqueous tannic 
acid, precipitates it completely as insoluble basic salt. (Berzelius.) 
Chloride of calcium solution docs not precipitate aqueons tannic acid 
(Wackenroder), but from the acid nearly neutral ised with aninionia, it 
throws down the neutral salt, which rcdissolves during];’ washing*. 
(Berzelius.) The precipitate quickly turns hhiish-g*rcen, then brown ; 
the white precipitate thrown down from iked alkaJiiio tainuites is 
almost wholly soluble in water, and dissolves readily in acetic acid. 
(Wackenroder.) 

Tamate of Magmsia. — Hydrate of magnesia and mag7iesia alba are 
coloured yellow hy aqueous tannic acid, and throw down nearly all the 
tannic acid forming a basic compound. (Berzelius, Fr. Mliller.) 

Tamate of Alimma. — Hydrate of alumina., shaken up with aqueous 
tannic acid quickly unites with it, forming an insoluble cornpoinid 
(Pelouze) which dissolves in excess of tannic acid. (Berzelius.) — 
Glucina and yttria react like alumina. 

Tamate oj Titanic oxide. — From hydrochlorato of titanic oxide, 
neutralised as nearly as possible with ammonia, a(|ucous tannic acid 
throws down yellow-red docks. (Pfaff.) — From acid s()lutious of 
titanic acid, infusion of galls throws down at first a brownish precipi- 
tate, quickly changing to pale orangc-red. (Rose.) 

Infusion of galls colours hydrate of tanfalic acid orange-yellow, and 
precipitates the tantalic acid- with the same colour from its acid a.nd 
alkaline solutions. The light yellow precipitate disKSolvcs in alkalis. 
(Rose). — The infusion does not alter alkaline tungstates, hut acids 
added to the mixture, throw down a thick, chocolate-coloured pre- 
cipitate. — Tannic acid colours alkaline molybdates deep blood-rod, and 
on addition of hydrochloric acid, a blood-red precipitate is formed, which 
dissolves in a large quantity of water. (Rose.) 

With salts of vanadic oxide, aqueous tannic acid forms a bluish-inky 
mixture, which, when left to stand quietly, deposits a black precipitate, 
— ^With alkalhie vanadates, miuBiovL of galls first gives a green, then 
an inky-black colom*ing : the mixture diluted with a large (juantity of 
water, forms a clear dark-blue liquid, which gradufiUy turns greem in 
contact with the aii*. Tlic concentrated mixture may ho used as an 
ink, but changes in contact with the air, the black-liluo colour passing 
into green. The writing is durable, and withstands the action of 
hydrochloric acid, of clilorino, or of alkalis, hut is destroyed by suetjessi vo 
treatment with chlorine and alkalis (or by nitric acid ; Kr.) "(Berzelius). 

Chromic hydrate forms with aqueous tannic acid an insolubl(3 cotiH 
pound, which is likewise precipitated on mixing chromic salts with 
tannic acid. (Berzelius.) Infusion of galls does not precipitate cliromic 
salts. (Rose.) Uranic oxide behaves with tannic acid like chromic 
oxide. (Berzelius.) Infusion of galls tlirows down a red-brown 
precipitate from neutral uranic salts. (Rose.) — The infusion does not 
decompose either arsenites or arsenates. (Rose.) 

Tannate of Antimony,-^ Aqueous tannic acid throws down from 
tartar-emetic a thick white precipitate, which during washing, partly 
dissolves in the water and is partly carried through the filter, rendering 
the liquid milky. The white gelatinous, very sparingly soluble 
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precipitate consists of 3C^®H.®0^®,Sb0^ (Pelonze), or, according to 
StreckePs formula for tannic acid, of WlP^O^^SbO®,2HO. On the be- 
haviour of tannic acid with tartar-emetic, see Berzelius {Lehrb. 3 Aufl. 6, 229). 

TeUurmin-salts arc precipitated yellow by infusion of galls. 

Tanuate of Bismuth. Bismuth salts form a yellow prccijjitate with 
infusion of 'galls. 44 pts. of crystallised nitrate of bismuth are 
decomposed by a slight excess of carbonate of soda, and the washed 
precipitate is mixed with 20 pts. tannic acid. The compound contains 
63 p. c. bismuth-oxide and 47 p. c. tannic acid. (Cap, Fharm. Viertelj. 
8, 589.) 

Tamiate of Zinc — White precipitate thrown down from zinc-salts 
by alkaline-salts. (Wackenroder.) ■ — •Helm (TV. B7\ Arch. 106, 2G ; 
Pharm. Vie7ielj. 11, 99) mixes the solution of 6 oz. sulphate of 
zinc in 4 lbs. water, with ammonia not in excess, as long as a pre- 
cipitate is tliereby produced ; this precipitate is collected, washed, and 
stirred up with 3 oz. tannic acid and water ; and the mixture is 
heated to boiling, drained and dried. Yellowish white powder, 
insoluble in water. 

Tanuate of Cadmium. — Hot aqueous tannic acid throws down from 
cadmium-salts a ■white precipitate, whicli assumes a yellow-green 
colour when dry, becomes anhydrous at 100°, and contains 21*4 p. c. 
CdO. Insoluble in water and in alcohol. (Schiff.) 

Stannous Tannate. — Stannous hydrate takes up tannic acid from 
its aqueous solution ; stannous salts are precipitated by tannic acid. 
(Berzehus.) The wliitc flocks preephtated fi'om aqueous tannic acid, 
dissolve readily in excess of protochloride of tin ; those pi'ecipitatcd 
from tannate of soda are but very slightly soluble. (Wackenroder.) — 
Staimio liydi'ate decolorises infusion of galls when digested with it, and 
ajppears to take up all the tannic acid. (Proust, Davy.) Infusion of 
galls precipitates hydrochlorate of stannic oxide. (Wuttig.) 

Ta^mate of Lead. — Tannic acid heated with excess of Icad-oxido 
to 120° 140°, gives off from 4T to 4*4 p. c. water (3 at. = 4*4 p. c.) 

(Strccker). Part of the tannic acid is apt not to enter into comhiiiation 
with the lead oxide, and may be dissolved out of the dried mass by 
water, another portion is altered by contact with tlui air. (Strecker.) 
Mnlder obtained in three experiments, from 2*3 to 3*0 p. c. loss of 
water ; in one experiment, 4, and in another, 5*7 per ceiit. Hydrate 
of lead abstracts tannic acid from its aqueous solution (Bej’zelms). 
Concentratcid aqueous tannic acid dissolves rather large quantities of 
hydrate of load, which arc for the most part precipitated on addition 
of water. (Bitter.) 

By precipitating aqueous tannic acid with neutral acetate of lead, 
salts may be formed containing quantities of lead-oxide, varying from 
34*12 to 64 p. c. ; among them are three definite lead-salts, the I'cst 
being mixtures of these with each other. (Strecker.) Mixlder obtained, 
under different circumstances, 5 salts which, at 120°, contained 2, 3, 4 , 
and 5 at. lead-oxide to 1 at. tannic acid (O’^HPO^^ according to Mulder). 
By precipitating tannic acid or tannate of potash with basic acetate of 
lead, a basic salt is obtained, which becomes yellow-green during 
washing. (Berzelius.) All the lead-salts are yellow when recently 
precipitated, excepting the neutral (terbasic) salt. Their organic sub- 

2 H 2 
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Stance exhibits at 120^ the composition ox])reRBO(l by the formula 
^i5ijji903i . it does not give off any water, when further exposed to 
heat, but the salts decompose at 150 ^ They are difficult to Avash, and 
during washing, absorb oxygen from tlie air, assuming a darker colour 
from the surface iuAAmrds. (Strcckcr.) 

a. With 9 or 10 at. Lead-oxide . — When arjuooas tannic acid is 
poured into a boiling aqueous solution of neutral acetate of lead, so 
that this salt remains in excess, tlio filtrate further precipitated by 
tannic acid, and the mixture boiled for a quarter of an hour in coii- 
tact with a large quantity of free acetic acid, a yellowish powder is 
obtained, which at 100° becomes whitish grey, and contains 20-24 p. c. C., 
1-11 H., and 63'0 to 64*09 p. c. PbO. (Liebig, Ann. Pliarin. 2G, 128). 
This, according- to Strccker, is the salt OPbO (calr. 20*25 

p. c. C., 1*19 H., 13*50 0., and 63*06 PbO).— The precipitate thrown, down 
from excess of boiling sugar of lead by clilub; aqueous tannic acid, when 
collected after a few miimtes’ boiling, and dried in vacuo, g^ive r)ff at 
120°, 1*54 p. c. Avater (3 at. water == 1'5 p. c) and thou coutained 
64-7 p. c. lead-oxide, corresponding to the formula 
When dried it sloAvly absorbs carbonic acid from the air. (Streckcr.) 



In vacuo. 


Strecker. 

54 C 

.... 324 

... 18-64 

18*2 

22 H 

... 22 

.. 1*26 ... 

ro 

34 O 

.... 272 ...... 

15*65 

17*1 

10 PbO 

.... ]120 

64*45 ... 

(>.3*7 

C5^H^5Pb303^7Pb0+3aq. 

.... 1738 

... 100*00 .. 

100*0 


b. With 6 at. Lead-oxide. — Luke-warm aqueous tannic acid is pre- 
cipitated by excess of neutral acetate of lead, and the precipitate is 
washed with boiling water. After drying in vacuo, it sustains, at 120°, 
a loss of weight amounting to 2-2 per cent. (3 at. water == 2*1 p. c. 
Strecker). 


54 C 

In vacuo. 
324 .... 

.... 25*11 ... 

Strecker. 

mmn. 

24*85 

22 H 

22 

.... 1-71 ... 

1*40 

34 0 

272 

.... 21*09 ... 

20*95 

6 PbO 

G72 .... 

.... 52*09 ... 

52*80 

C«HiW03*,3I>b0 + 3agi. 

1290 .... 

.... 100-00 ... 

100-00 


c. With 3 at Lead-oxide . — ^When aqueous tannic acid is precipitat(nl 
by sugar of lead, a AAdnte precipitate is formed, which assumoB a 
darker colour when exposed to the air. This precipitate treated 
with boiling water, gives up tannic acid, and leaves neutral tannatf.^, 
of lead, which becomes gummy and darker coloured in contact with 
ammonia, without altering its amount of oxide of load (34-21 p. c.). 
After deduction of the oxide of lead, it contains 51*50 p. c. 0., 3*70 IL, 
and 44*71 0. (Berzelius) and consists, according to Strecker, of 
C®*H^Pb®0®*-f 4110. The precipitate thrown down by neutral acetatej 
or nitrate of lead from excess of aqueous tannic acid, contains at 
120°, 32-86 p. G. 0., 2-81 H., and 33*79 to 34*27 PbO (Pclouze). 
StreckCT gives tlie formula + 5 HO., which requires 33*33 p. c. C., 2*47 IL. 

34*57 PbO, and 29*630. — iffie terbasic salt may bo prepared by adding a 
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dilute solution of neutral acetate of lead to aqueous tannic acid, either 
ill the cold, or between 40° and 50°, in such quantity, that part of the 
tannic acid may remain in solutiom After drying- in vacuo, it gives 
off 2*8 p, c. water at 120° (3 at. = 2-83 p. c.) (Strocker.) 



ai 120^ 


Strecker. 

54 C 

324 .... 

.... 34*95 

33*7 

19 li 

19 .... 

.... 2*06 ... 

1*9 

31 0 

248 

.... 26*75 ... 

28*2 

3 PbO 

336 .... 

.... 36*24 ... 

36*2 


...... 927 

.... 100-00 ... 

100*0 


From ferrous salts aqueous tannic acid throws down — but only 
from very concentrated solutions — a white gelatinous precipitate which 
dissolves on addition of water. (Berzelius.) 

Ferric Tamiate. Fenic salts yield, with very dilute aqueous tannic 
acid, a dark-blue transparent Hquid, which after a while becomes 
dark green, and deposits green flocks; at still greater degrees of 
dilution, the mixture immediately assumes a dark green colour, with- 
out yielding any precipitate. (Berzelius.) — The blue-black colouring 
passes quickly into brownish-green, then into olive-green, and finally 
into greenish-brown, the liquid becoming clear in a shorter time in 
proportion as the iron-salt is in greater excess ; with fcrric-acotate, 
however, the iron-black colour is permanent, (Pfaff.) The blue-black 
colouring of ferric salts is changed by the stronger acids, especially 
by tartaric acid, to green ; by alkalis, to red (Geiger) ; if, however, the 
liquid altered by acids be set aside for 24 hoiu’S, then decanted from the 
precipitate, and the latter treated with pure water, the liquid again 
becomes black ; hence it appears that the green colouring arises from 
the mixture of the yellow ferric tartrate with the ferric tamiate. 
(Berzelius, Mag. Fharm. 31, 362.) — Ferric salts are partially reduced 
as soon as they are mixed with tannic acid, and at the boiling heat 
the reduction is complete. (Wackenroder.) 

When aqueous tannic acid is precipitated by pouring ferric sulphate 
into it, the precipitate, after washing and drying at 122°, contains 
12*02 p. C. ferric oxide. (Pclouze.) Strecker gives the formula 
(calc. 11*92 Wittstoin found the quantity of ferric oxide in the 

precipitate very variable ; the only way in which he could obtain a 
constant compound was by precipitating ferrous sulphate with aqueous 
tannic acid and exposing the precipitate to the air. 

a. When a soiiition of 2 at. ferrous sulphate is mixed with 1 at. 
aqueous tannic acid, and the mixture is exposed to the air for six 
weeks or longer, and frequently stirred, the dark indigo-bluo pre- 
cipitate washed, and dried at 100°, contains 8*4 p. c. Fc^O^ a small 
portion of the iron being, however, in the state of protoxide. ^ The 
filtered liquid again exposed to the air yields a further precipitate, 
containing an equal proportion of ferric oxide. The filtrate does not 
contain gallic acid. (Wittstoin.) 

b. When ferric sulpliate is added to aqueous tannic acid, in such 
quantity, that the filtrate is still clouded by an iron-salt, tlie resulting 
dark-blue precipitate contains very little ferrous oxide, and yields on 
ignition 14*90 p. c. Fe®0^ When, on the other hand, tannic acid is added 
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to ferric sulphate, as long as a precipitate is formed, the precipitate yields 
15 '4 p. c. Fe*0®. The hlack-green filtrate contains ferrous oxide, the 
quantity of which increases on boiling, hut it is only when more 
tannic acid is added that the whole of the sesquioxido of iron is 
reduced to protoxide. (Wittstein.) 

c. When 1 at. ferric acetate is added to 1 at. aqueous tannic acid 
the resulting black-blue precipitate, af icr being washed with cold 

water and dried at 100°, contains 18*75 p. c. ferric oxide, together with 
a small quantity of free tannic acid, and after tins has been dissolved 
out by ether, 100 pts. of the precipitate yield 20*15 p. c. ferric oxide. 
The precipitate likewise contains a small quantity of ferrous oxide. — 
The filtrate from c leaves, on evaporation, a dark-blue, resinous, very 
astringent residue, which dissolves completely with dark-blue colour 
in water and alcohol. — This residue treated with ether, yields tannic 
acid, whereby it loses almost entirely its solubility in water and in 
alcohol, becomes nearly black, and when dried at 100°, contains 
13*4 p. c. ferric oxide. (Wittstein.) 

d. When aqueous tannic acid is dro 2 )pGd into a very dilute solution 
of ferric acetate as long as it jn’oduces any precipitate, the liquid loses 
its yellow-red colour, and becomes colourless, the precipitate is ratlicr 
brown than blue, black after drying, and yields, when dried at 100°, 
quantities of ferric oxide, varying from 42*85 to 56*25 p. c., part of 
it being, however, present as ferrous oxide. A colourless filtrate is 
likewise obtained, when, on the other hand, ferric acetate is added 
to tannic acid, as long as any precipitate is formed. The precipitate 
yields 25 p. c. Fe^O^ yV which is present as protoxide. (Wittstein.) 

On ferric tannafce, see further Winckler {Repert, 95, 77) ; Collottib {Rev. sclent. 
16, 477); Wackenrodei* (W. Br. Arch. 27, 269); Geiseler (jV, Br, Arch. 89, 165). 

Colalt-saltB are precipitated yellowish white by infusion of galls ; 
nickel-salts greenish- white. 

Cxipic Tmnate. — Oupric hydrate abstracts tannic acid from its 
aqueous solution. (Berzelius.) — The salt is obtained by double decom- 
position ill grey-brown flocks, which are reddish- white or broAvnisli- 
grey, according as the tannic acid or the copper-salt is in excess. Tt 
is dissolved by potash, with separation of cuprous oxide ; completely 
by ammonia, only when the tannic acid is in excess ; the latter solution 
is not altered by hydrosulp>huric acid. (Wackenroder.) 

Mercurous Tannate. Mercurous oxide abstracts tannic acid from its 
aqueous solution; mercurous salts arc iDiecipitatcd by tannic acid 
(Berzelius). From mercurous nitrate, tannate of potasli precipitates 
a powder which is nearly white at first (yellow, soon turning green, accord- 
ing tn Wackenroder), which darkens on standing, appears yellow-green 
when diy, and contains 44*96 p. c. Hg^O, It is not soluble cither in 
hot or in cold water, even after addition of tannic acid. Aqueous 
ammonia converts it into black ammonio-mercurons tannate containing 
76*78 p. c. Hg^O. (Harff.) ^ 

Mercnric Tannate. — Tannic acid is precipitated from its aqueous 
solutidu by mercuric oxide. It precipitates mercuric salts, excepting 
the chloride (Berzelius). From mercuric nitrate it throws down a 
thick, brick-red precipitate, which is insoluble in excess of the pro- 
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cipitant, and on standing acquires a dirty yellow colour, and is found 
to contain mercurous oxide (Wackcnroder). Tlie precipitate thrown 
down from mercurous nitrate by tannate of potash is light yellow at 
lirst, but becomes darker after a while, yellow-brown on drying, and 
contains 32*13 p. c. UgO. Caustic ammonia poured upon it converts 
it into dark brown, nearly tasteless ainmonio -mercuric tannate, con- 
taining 64*64 p. c. llgO. (Harff, N. Br, Arch. 5, 294.) 

Oxide and nitrate of siher form black-brown precipitates with 
acpicoiTS tannic acid (Berzelius, Fr. Muller). — From bichloride of 
platinum, infusion of galls throws down pale yellow flocks (Pfaff). 

Tannic acid dissolves in hydrated, more abundantly than in absolute 
alcohol (Pclouze). — According to Pelouze, Bolley and Luboldt, it dis- 
solves but sparingly in anhydrous ether, and, according to Strecker and 
others, remains perfectly pulverulent when covered with it, while, 
according to Mohr, it dissolves in considerable quantity. With ether 
containing water, it forms, after some seconds, a very heavy liquid, like 
that which separates in the preparation of tannic acid, as described at 
page 453 of this volume. Of the two layers thus formed, the lower 
consists of tannic acid, which has taken up the water of the ether, and 
only a very small quantity of ether, while the upper layer contains 
ether, a small quantity of tannic acid, and the foreign substances taken 
u},) with it (Pelouze). When tannic acid dried at 110°, is covered with 
anliydrous ether, the solution standing above the excess of pulverised 
tannic acid, after being agitated for a considerable time, contains in 
solution only 0*206 p. c. at 5°, and 0*384 p. c. at ordinary tempera- 
tures. On adding to the etlicr lialf a volume per cent, of water, the 
tannic acid, which has hitherto been greyish -yellow and pulverulent, 
deliquesces to brownish lumps, and on addition of a few drops more 
watci:, to a syrup. After addition of 1 volume per cent, of water, tlio 
supernatant other contains 1*2 p. c. tannic acid in solution. On con- 
tinuously dropping water into the mixture and agitating, three layers 
are formed, the lowest of which is syrupy, and contains 0*297 grm. 
tannic acid in a cubic centimetre. The middle layer is somewhat 
lighter than the lowest, and contains in a cubic centimetre 0*082 grm. 
tannic acid dissolved in a largo quantity of water and a small quantity 
of ether. The syrupy layer contains both other and water, and is 
perhaps a tannate of ether and water, analogous to sulpliovinic acid 
(Bolloy, Chem. Soc. Q. J. 13, 295 ; Ann. Pharm. 115. 63). 

Tannic acid (crude) dried at 150" remains pulverulent when covered 
with 10 pts. of anhydrous other, while the supernatant ether takes np 
2 or 3 p. c. of solid constituents, chiefly the foreign suhstances mixed 
with the tannic acid. Water, either present in the tannic acid or the 
ether, or subsequently added, is greedily absorbed by the tannic acid, and 
causes it to dclicpicsoo to a viscid mass or a syrup, winch does not 
mix with the excess of ether. When a solution of 100 pts. tannic 
acid in 100 pts. water is mixed with 150 pts. ether, the liquid, if 
agitated and left at rest at a temperature of 18°, separates into three 
layers, the lowest of which has a sp. gr. of 1*07, takes up half the total 
space, and contains 40*5 p. c. tannic acid, 42*2 ether, and 17*3 water. 
The middle layer, which has a density of 1*02, contains 14*15 p. c. tan- 
nic acid, 10*09 ether, and 75*76 water; the uppermost, of density 
0*752, is chiefly ether, containing insolation small quantities of foreign 
matters and water. Also, when 20 grms. tannic acid, 39 ginas. ether 
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and 20 grras. crater arc sliakcn up together and then left at rest., three 
layers are formed, the lowest of which increases by continual agitation 
at 14*5°, at the expense of the upper, till it occupies SO *5 and the 
upper 17*5 pts. of the entire space, the middle layer, which remains 
unaltered, occupying 20 pte. The bottom layer, when removed with 
the pipette, is found to be soluble in 4*5 to 5-5 pts. of water, more 
abundantly in liikewann than in cold water. But if water be added to 
the mixture as it stands, divided into three layers, a quantity equal to 
11 times the volume of the bottom layer will be required to dissolve 
it (the top layer at the same time diminishing to |) because the water 
dissolves the bottom layer only so far as it can take up ether. Water 
saturated with ether dissolves only of the bottom layer. The bottom 
layer is thei'efore hydrated tminic acid containing' ether in solution ; 
the middle layer is water containing other and tannic acid ; and the 
top layer is ether wdiich has taken np water', tannic acid, and tlic foreign 
constituents (Luholdt, J. p\ Chem. 77, 357). According to Mohr, on 
the contrary (Ann. jPJiarm. 61, 352), the lowest of the three hryers 
contains tannic acid dissolved in water ; the middle layer, taunic acid 
dissolved in ether. This statement, arid another made by Molir, to the 
effect that tannic acid deliquesces to a syrup in anhydrous ether, and 
that by addition of more tannic acid, the ether may bo completc^ly con- 
verted into this syrup, arc not reconcilable with the experiments 
above described. (See also Guibourt & Robiquet loc. cit. ; Sandrock, N. JJr. Arch. 
72 , 265 .) 

The viscid syrup 'which separates at the bottom of the mixture of 
tannic acid, water, and ether, unites with the supernatant ether on 
addition of alcohol to a tliin filterable liquid (Mohr). 

Tannic acid dissolves in acetone, wnth evolution of heat, the solution 
drying' up to a jelly and leaving a powder which has the aspect of 
tannic acid (Knop). 

Tannic Acid ivith Acetone and Ammonia. — Tannic acid is dissolved in 
4 or 5 pts. acetone, the solution is heated to the boiling point, and 
aqueous ammonia is added, with agitation, till the liquid smells strongly 
of it. Two layers are then formed, the lower of whicli is lo be 
repeatedly stirred up with absolute alcohol (whereupon it bcH'omes 
pasty, and ultimately solid and fiiablc), collected on a. liltcu', }}r<.\sso(l, 
and placed over oil of vitriol, before it can take up water from thc^ ah’. 
The mass, which becomes brittle in 24 hours, is triturat(jd and dritul iV)!' 
a month over chloride of calcium. Wliite or brownish powder having 
the taste and the other characters of tannic acid. Soluble in watcjr, 
not in absolute alcohol. Contains from 49 “2 to 5()T5 p. c. carbon, 
4-7 to 5*5 hydrogen, and 2*8 to 3*5 nitrogen, whence Knop calculates 
the formula 4 NH® (Knop, Ohm. 

Centr. 1860, 278; abstr. Mp. Chim. pure, 2, 372). Till the presence of 
acetone in this compound has been actually demonstrated, we may be allowed to regard 
it as tannate of ammonia (p. 463). Kr. 

Tannic acid does not unite with urea. (Hlasiwetz Wien. Alcad. 
Ber. 20, 208). — It does not dissolve in picamar (p. 162) oven at the 
boiling heat (Reichenbach, Schw. 68 , 355). — It dissolves in 6 pts. 
glycerin (Cap k Garot, AC /. Pharm. 26, 81 ; Bharm. Yiertelj. 4, 271); 
in Utter-almond oil in almost all proportions, tbo solution, which turns 
brown m contact with the am, slowly depositing crystals of bcnssoic 
acid (Knop). It dissolves in other oils, both fixed and volatile. 
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Tannic acid precipitates the alkaloids from their saline solutions 
(see Tii, 185). It precipitates starch-solution and albumin. — From 
solution of gelatin^ it throws down a white precipitate, which dissolves 
in excess of the gelatin, especially when heated ; if obtained with 
excess of tannic acid, it presents the aspect of a grey, highly elastic, 
not perfectly soluble skin. Addition of a large quantity of common 
salt makes the tannate of g-'elatin quite (Wackenrodcir) or nearly 
insoluble (Fr. Muller). Tannic acid unites with animal shin [but not 
in atomic proportion (Knop, DimjL 149, 305 and 378)], forming tanned 
leather. 


Aj^j^endix to Gallo-tamiic Acid. 

A . — Morintannic Acid and Morin. 

Morintannic Acid. 

Q18U8O10 9 

E. AVagnejr (1850). tT". 51, 82; abstr. Pharui. Centr. 1851, 

33; Ann. Phurm. 7G, 340. — J. 2^r. Gheni. 52, 449; abstr. Ann. 

Pharni. 80, 315; Pharni. Centr. 1851, 385 and 406; iV. J. Pliarm. 

22, 66 ; Corned, chim. 1851, 104. 

Different from tho of Walter r Co rend, 22, 1143). According 

to Delffs (iV. J. Pharm. 14, 166; Ko2)p’s Jahresber. 1860, 278), morintannic acid is 
a mixture of a yellow uncry st.allisable tannin with morin, and may be converted into 
colourless morin by recrystallisation from water. 

Occurrence. In the yellow wood of Mactnra tinctoria {Handh. viii, 
Zooclwn. 76.) The deposit in the middle of the blocks consists chiefly 
of this acid. 

Formation. Eufirnoric acid is converted into morintannic acid by 
boiling with aqueous alkalis. 

Preparation, The block is split lengthwise, and the dirty yellow, 
hero and there flesli-ciolourod lunq)s, having a rcd~browii crystalline 
fracture, which arc deposited in the middle of it, are separated with a 
chisel They are purified by repeated crystallisation from boiling 
wat(u*, and then dissolved in a htrger ((uantity of boiling water acidu- 
lated with hydrochloric acid. Tile solution, which becomes turbid on 
cooling, in consequence of the separation of a reddish resin, is repeat- 
edly iiitereci till it remains clear, then left to itself, the acid slowly 
separating in the form of a light yellow crystalline powder. 

Properties. Light yellow powder consisting of microscopic, pale 
yellow, transparent needles. Has a sweetish astringent taste, like the 
inner bark of the walnut, Koddens litmus. 

Wagner, 

at 100®, mean. 

18 C 108 55-10 55-17 

8 H 8 4-08 4-41 

10 Q 80 40-82 40-42 

OTFQW 106 100*00 100*00 
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Isotneric 'with morin. — Gerhardt (Trai^e, 3, 889) regards the formula C^^ID^oie 
and as likewise possible. I-Ilasiwetz (Jm. Pharm. 107, 247) suggests the 

formula regarding morintannic add as probably homologous 'with b'.canoric 

acid (xii, 577) and evernic acid. Hlasiwetz’s formula would explain the resolution of 
morintannic acid into carbonic acid and pyrocatechm, C^'^H'’0'‘’“2CO- + C^^ir'’0‘b — 
Kespecting the formula of morintannic acid, see also Laurent rend. 35, 161) 

and Wagner's reply {J. pr. Chem. 57, 441), also Strecker {Ann. Pharm. 90, 372). 

Decompositions. 1. The acid dried at 100°, melts in the motal-bath 
at 200°, gives off at 250°, a strongly acid water, and is converted 
into a hrown-hlack liquid, which decomposes completely between 
270° and 300°, evolving a large quantity of carbonic acid, and yielding 
a brown distillate, consisting of carbolic acid and pyrocateebin 
(xi, 379) the latter solidifying in tlie crystalline form on cooling. 
Wagner at first doubted the identity of the crystals with pyrocateebin, but Eissfeldt 
{Ann. Pharm. 92, 106) conlirmed it. — Morintannic acid distilled with excess of lime 
yields a liquid soluble in water, and containing pyrocateebin. — 2. When aqilCOUS 
morintannic acid is left for three montlis in a closed vessel exposed to 
the sun, the smell and taste of carbolic acid arc developed, and the liquid 
yields that acid when distilled. - — 3. Morintannic acid triturated with 
02 l of vitriol forms a brown-yellow solution, whicli after standing for 
some time, deposits brick-red rufitannic acid, and when heated, gives 
off sulphurous acid with a strong odour of carholic acid. No^sugar is 
formed in this reaction, or only a trace after very long boiling with 
dilute sulphuric acid. (Wagner, D pr. Chem. 57, 442, and 61, 504.) — 
4. Chlorine passed into aqueous morintamiic acid forms a brown resin. 
— 5. Morintannic acid, boiled for some time with strong hjclrocldoric 
acidy emits the odour of carbolic acid, and decomposes completely, with 
separation of mould. On boiling it with dilute hydrochloxic acid, a red 
solution is formed, which, after a few days, deposits rufimorio acid. — 
6. With boiling dilute nitric acid, it forms a brown resin soluble in hot 
alcohol, together with oxalic acid. The red-brown solution in strong 
nitric acid yields, on evaporation, pale yellow plates of stypliuic acid 
(xi, 228). — 7. The dark yellow solution of morintannic acid in caustic or 
carbonated alkalis soon turns brown, and afterwards brown-black when 
exposed to the air. — 8. The acid detonates violently when triturated 
with chlorate of potash. — 9. When triturated with picroxide of man(/a^ 
nese and sulphuric acid, it rapidly gives off carbonic acid, and is com- 
pletely decomposed, with production of formic acid. — 10. Wlnm 
aqueous morintannic acid is boiled with peroxide of lead, the Itittcn* 
assumes a reddish yellow colour, the liquid becomes decolorised, ami 
retains only a trace of lead in solution, and the resulting insoluble lead- 
salt, decomposed by hydrosulphuric acid, yields a humous acid, a,cid 
triturated with dry peroxide of lead, takes lire, emits sparks, and gives 
off a pungent odour. — 11. It is completely destroyed by chromic acid, 
giving off the odoui' of carbolic acid, and forms a red-brown |)reoipi- 
tatewhen heated with aqueous bichromate of potash. — 12. Heated 
with aqueous cupric acetate, it deposits cuprous oxide; it reduces 
mercuric chloride to mercurous oxide, after heating with potash; 
carbonate of silver even in the cold ; nitrate of silver, after boiling with 
ammonia; tercliloride of gold in the cold. — 13. Boiled with ferroeganide 
of potassium, it eliminates prussic acid, and deposits yellow-brown 
flocks. When boiled for some time with ferncyanlde of potassium, 
it gives off a large quantity of prussic acid, and separates prussian 
blue. 
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ComUnations. Morintannic acid dissolves in 6*4 pts. loater at 20°, and 
in 2*14 pts. boiling water, forming a yellow solution. — The aqueous acid 
is not altered by phosphoric^ sulphuric^ hjdrocUhric^ or arsenic acid^ being 
thereby distinguished from gallotannic acid. The solution of tlic acid 
in boiling water, mixed with horacic acid, yields, on cooling, a jelly made 
up of extremely fine laminae. 

Morintannic expels carbonic acid from alhaline and earthp carhonafes 
at the boiling heat, but not in the cold ; also prussic acid from cyanide 
of potassium. It dissolves with deep yellow colour in caiwtic alkalis 
and alkaline carlonates. 

Morintannate of Lime. — Aqueous morintannic acid is boiled with 
carbonate of lime, as long as carbonic acid continues to escape ; the 
liquid is filtered at the boiling heat ; the yellow-brown flocks which 
separate after some hours, are collected on a filter and dissolved in 
alcohol ; and the filtered solution is precipitated by pouring it into ten 
times its volume of water. The yellow microscopic crystals which 
then fall to the bottom, contain, after pressing and drying at 100®, 
7‘7 p. c. lime, and after one recrystallisation, 7‘18 p. c. (Ca0,20^®li®0® 
+ HO = 7*12 p. c. CaO.) — This salt exactly resembles the lime-com- 
pound of moriri (p. 479) in appearance, and in its behaviour when 
heated and towards solvents, but it is precipitated blackish green by 
aqueous ferric chloride, whereas the lime-compound of raorin is reddened 
thereby. 

Morintannic acid precipitates tartar-emetic yellow-brown ; protoclilo- 
ride of tin reddish yellow. 

Monntannate of Lead. — a. Bibasic ? — When a boiling aqueous solu- 
tion of morintannic acid is precipitated by basic acetate of load, the 
chrome-ycliow, non-crystalline px’ecipitate contains, after washing and 
drying, from 56*9 to 57*5 p. c. lead-oxide (2PbO,0^®Il®0® = 55*5 p. c. 
PbO.) 

1). 4 at. Base to 3 at. Acidf — 1. The aqueous acid is prccqritatcd 
hy neutral acetate of lead; the chrome-yellow precipitate is dissolved 
in boiling water ; and the lemon-yellow crystalline powder which pre- 
cipitates on cooling, is collected. The filtered mother-liquor, when 
left to stand for some time, deposits flocks of variable composition, 
which constitute the sole product, if the boiling has been too long 
continued. — 2. When hydrate of lead is boiled with the aqueous 
acid, and filtered hot, crystals are likcwiae obtained, and the mother- 
liquor turns brown from partial decomposition. The salt is likewise 
coloured dark-brown by dilute nitric acid. 



at 100^ 


Wagner. 

54 C 

..... 324 

.... 32*17 ... 

32*01 

21 H 

21 ..... 

.... 2-08 ... 

2-17 

27 0 

216 

... 21-45 ... 

21*55 

4 PbO 

446 

.... 44-30 ... 

44*27 

3CisH709,4Pb0 ..., 

1007 

... 100-00 ... 

100*00 


Gerliardt {TraiU^Zt 891) resolves this formula into 3C^®H^2pb^0^8 + 2(Pb0, HO) 
+ 4aq. 



476 


APPENDIX TO GALLO-TANNIC ACID. 


Aqueous morintannic acid forms a green-black precipitate with 
ferrous soluble with yellow-brown colour in acetic acid. From 

excess oiferrk hydrochlorate it throws down a black-green precipitate, 
Avliich, after washing and drying at 100°, contains 13-2 p. c. ferric 
oxide (Fe20^3C^siD07 = 13*8 p. c. It forms a yellow-brown precipi- 

tate, with protochloride of thi^ and throws down yellow flocks after a 
while from the Ucldoride, 

It dissolves easily in luood-spirit^ alcohol, and ether. The coriccn- 
trated ethereal solution is greenish by reflected, yellow-brown by trans- 
mitted light. — It is insoluble in roch-oil, oil of turpentine and fixed oils, 
— It is completely precipitated by solution of gelatin (Wagner). 


Rufimoric Acid, 

c'^iro®? 


Wagner. J, pr. CJmu 52, 462. 

Formation. When morintannic acid is dissolviSd in oil of vitriol or 
boiled with hydrochloric acid. The reaction is not attended with the 
evolution of any gas except traces of sulphurous acid. 

Proportion. 1. Pulverised morintannic acid is triturated mtli oil of 
vitriol ; the brick-red mass which separates after standing for some 
time is collected, washed with cold water till the water scarcely red- 
dens litmus, then dissolved in the smallest possible quantity of boiling 
alcohol ; the greater part of the alcohol is removed from the filtrate by 
evaporation ; and the rufimoric acid is preci|.)itated by pouring the 
liquid into 50 times its volume of cold water. The bulky ]’cd flocks are 
washed on the filter with cold water, pressed between paper, and dried 
without warming. When the quantity of material is somewhat con- 
siderable, the precipitate coagulates into a viscid mass, which is apt to 
enclose siilphnrie acid; hence it is bettor to operate with small quan- 
tities.— 2. The red solution obtained by digesting morin tannic acid 
with oil of vitriol is diluted with water, exactly neutraliscHl witli car- 
bonate of soda, and acidulated with a few drojjs of acetic acid ; the 
])aiii,ng solution is precipitated with acetate of copper; and the r(.Ml- 
lirown precipitate is decomposed under water with hydrosnlphurie ac/id. 
''idle greater part of the rufimoric acid then remains, mixed with the 
sulphide of coppei*, and may be extracted by boiling ahsohol and 
obtained in the solid state by evaporating the alcoholic solution. 


Properties. Dark red mass, yielding a powder of a fine red colour. 
The solution has an acid reaction. 

Wagner. 

at 100®. mean. 

14 C 84 54'19 54*29 

7 H 7 4*52 4*54 

8 0 64 41*29 41*17 

155 100*00 100*00 


Perhaps indentical with carrainic acid, (Wagner.) 
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Decompositions, 1. Rufimoric acid is not altered at 130°, but Avlieii 
more strongly heated,, it gives off vapours Avliicli partly condense to 
colourless crystals of pyrocatecliiii (xi, 379). — 2. Chlorine-water con- 
verts it into brown flocks. — 3. Witli hot nitric acid,, it forms a yellow 
solution containing oxalic acid, and an acid different from picric acid. — 
4. The dark red solution in potash-ley or haryta-iuater becomes dark 
yellow when boiled, the rufimoric acid being then converted into 
inorintannic acid and the products of its decomposition by alkalis. 

ComUnations. Rurimoric acid is but slightly soluble in pure water^ 
but in presence of tlie smallest quantity of ammonia it dissolves in all 
proportions. — With oil of vitriol it forms a red solution, only partially 
precipitable by water. — It dissolves in hydrochloric acid. 

Rufimoric acid dissolves in alkalis and alkaline carbonates^ forming 
a wine-red solution, which exhibits a tinge of yellow if inorintannic 
acid is also present. The carmine-coloured solutions are but very 
slowly decolorised in contact with the air. Alcoholic potash, added to 
alcoholic rufimoric acid, throws down a dark red, viscid precipitate. — 
With chloride of barium, cdimi, or protochloride of tin (after addition of 
ammonia), it forms dark-red lakes. 

Itnfimorate of Lead. ■— The acid forms a dark red precipitate with 
neutral acetate of lead, cherry-red with nitrate of lead. The salt 
is prepared by precipitating the alcoholic solution of the acid witli 
alcoholic acetate of load, washing the precipitate with alcohol, and 
drying it at 100°. Dark scaidet powder, insoluble in water and alcohol, 
but soluble with yellow-red colour in acetic acid, with carmine-colour 
in potash-ley. Contains from 59T to 59*4 p. c. PbO., and is therefore 
perhaps 2PbO,C^^irO® (calc. 59-1 p. c. PbO). 

Rufimoric acid colours ferric hydrochloratc green, without forming a 
precipitate. 

Jluiiniorate of Copper. — The acid throws down from cupric acetate, 
brown-red flocks, which, after washing and drying at 100°, contain, on 
the average, 27*7 p. c. cupric oxide, and are therefore 3GuO;2C^TrO® 
(calc. 27*75 p. c. CuO). 

Rufimoric acid forms a brown-red precipitate witli mer caroms 
nitrate, reddish with mercuric oxide. It does not precipitate nitrate of 
silver. 

It dissolves readily in alcohol, sparingly in ether. 


Morin. 

Cheveeul, (1830). J. Chhn. mod. C, 158. — Chmie appliquie d la teintnre, 
2, 150. 

R. Waqnek. J, pr. Chem. 51, 82 ; abstr. Pkarm. Gentr. 1851, 33 ; Ann. 
Fharm. 76, 347; ata. to, 1851, 21; N. J. Pharm. 19, 149.— 
J. pr. Chem. 52, 449,; abstr. Ann. Pharm. 80, 315 ; Pharm. Cenir. 
1851, 385 and 406 ; W, J.~ Pharm. 22, 66 ; Compt. chim. 1851, 104. 
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The yellow die from the yellow wood of Mactura timtoria {Handh, Tiii, 
Phytochem, 7G). — Preisser's statements (p. 28; Comp. Rev. scient. 16, 57; X pr. 
Chem. 32, 155). 

Freparation, The decoction of the yellow wood is evaporated to a 
weight equal to that of the wood employed, and, after a day or two, 
tlie yellow sediment is collected on a filter ; the filtrate concentrated 
and set aside, yields an additional quantity of this deposit, while 
morintannic acid remains in solution. On pressing the yellow sediment, 
dissolving it in boiling alcohol, and pouring the solution into ten times 
its volume of cold water, yellow-brown Hocks of the lime-compound 
of morin are deposited ; they may be puiified by washing them with 
cold water, dissolving them three or four times in alcohol, and pre- 
cipitating with water; 100 pts. of the lime-compound of morin thus 
obtained, are boiled with 12 pts. of oxalic acid crystals, and 15*60 pts. 
alcohol of 75 p. c. ; the liquid is filtered at the boiling heat into 100 
times its volume of water, and the morin, which separates in the form 
of a yellowish white crystalline powder, is redissolvcd in alcohol, 
reprecipitated by water, and dried at 100°, avoiding contact with the 
air. (Wagner.) 

Properties, White crystalline powder, which acquires a faint yellow 
colour in contact with air (containing ammonia). Exhibits a slight 
acid reaction in solution. Has a slightly hitter not astringent taste. 
(Wagner,) 

Wagner. 

mean. 

18 C 108 55*10 55*17 

8 H 8 ........ 4*08 4*15 

10 0 80 40*82 40*68 

CiSHSQio 196 100*00 100*00 

Isomeric with morintanme acid (p. 473). Dellfs (Brit. A ssoc. Bep. 1861, pt. 2, 78) 
gives the formula + 2HO. 

Decompositions. 1. Horin gives off water when heated to 180° ; it 
does not undergo any further alteration at 250°, hut blackens at about 
800°, giving off carbonic acid, and yielding a distillate of carbolic acid 
and pyi’ocatechin (xi, 379), the latter of which solidilh^s in the crys- 
talline form on cooling. — 2. It dissolves in oil of vitmf witli dark 
yellow-brown colour, and the odour of castoroum ; the eolution doposits 
a red body when warmed or left at rest, and decomposes wlam 
heated, givingoff sulphurous and carbolic acids. — 3. With strong wf/'/vV; 
acid it forms a red solution, which, when evaporated, gives off red 
vapours, and deposits large yellowish- white tables of styphnic acad. 
— 4. The aqueous solution of morin does not absorb o-w/ye/?, from the 
air ; but if mixed with ammonia^ it turns brown, and blackens in con- 
tact with the air; acids then precipitate from it, not morin, but a 
humous substance, perhaps motagallic acid (p, 458). — 5. From cvprio 
acetate or sulphate., it reduces cuprous oxide on boiling with potash. 
It reduces nitrate of silver, especially after addition of ammonia. 
(Wagner.) 

OomMnations. Morin dissolves in 4000 parts of cold, and in 1060 pts. 
of boiling water. It dissolves without colour in aqueous sulphuric, 
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hydrochloric^ phosphoric^ acetic^ oxalic^ or tartaric acid. It dissolves with 
yellow colour in oil of vitriol, and is precipitated by water. — It dis- 
solves with fine yellow colour in aqueous solutions of alkalis and 
alkalim carbonates. Aqueous inorin containing' traces of fixed alkalis 
turns yellow in the air, from absorption of ammonia. 

B ary ta-com^mmd of Morin. — When morin is boiled with recently 
precipitated carbonate of baryta and water, the filtrate leaves on 
evaporation, a red-brown powder, which, at 100° contains, on the 
average, 22*2 p. c. baryta, agreeing approximately with the formula 
C72J£S2 (jw 3BaO. (Wagner). 

Lime-compound. — The lime-compound of morin, which is obtained 
from the decoction of yellow wood, and separates from alcohol in 
sulphur-yellow crystals, gives off 2 at. water at 100°, and then con- 
tains 6*83 p. c. lime, agreeing nearly with the formula 2C^®H®0®,CaO,HO 
(calc, 7*12 p. c. CaO.) (Wagner). 

Aqueous morin precipitates alum-solutions light yellow, after addition 
of ammonia. 

Lead-compound. Alcoholic morin added to alcoholic acetate of lead, 
produces a light yellow precipitate, which becomes black-brown when 
dry, and contains 44*1, 45*6 to 47'2 p. c. lead-oxide. (Wagner.) 

Aqueous morin forms a lemon-yellow precipitate with proto- 
chloride of tin. It precipitates ferrous sulphate olive-green, and colours 
ferric chloride garnet-red (or in presence of morintamiic acid, blackish 
green.) 

Morin dissolves easily in alcohol, forming a dark yellow solution, 
from which it is precipitated by water. It dissolves readily in ether, 
(Wagner.) According to Chevreul, it is precipitated from its aqueous solution hy 
solution of ffelatin; according to Wagner it is not. 


B. — Tannic Acids {and allied bodies) from Cinchona-barks. 

1. CinclioEatannic Acid. 


Beezetjus. Lehrlmch, 3 Aufl. 6, 246. 
pEiXETiER & Oaventou. Ann. Chim. Pliys, 15, 337. 

B. ScHWAEZ. Wien. Akad. Ber. 7, 249 ; J. pr. Chem. 56, 76 ; abstr. 

Ann. Pharm. 80, 330 ; Pharm, Centr, 1852, 193. 

Oinebona-barks contain a tannic acid different from gallotannic 
acid, whicb imparts to them the property of precipitating tartar-emetic 
greyish yellow, imparting a green colour to ferric salts, and pre- 
cipitating solution of gelatin. (Berzelius). — The tannin, both from 
brown and from red cinebona-bark precipitates feme salts dark green ; 
that from yellow cinchona bark forms a lighter green precipitate with 
ferric salts. (Pelletier & Gaventou.) — Schwarz examined quinotannic acid 
prepared from China regia. 
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Freparaiion. 1. Tlie decoction of ciiicliona bark is mixed witli a small 
quantity of calcined magnesia, wliicb precipitates cinchona-red ; the 
nitrate is precipitated with neutral acetate of lead ; the precipitate is 
decomposed under water by hydrosulplmric acid ; the rapiid filtered 
from the sulphide of lead (chinovin and a little cinchona-red) is pre- 
cipitated with basic acetate of lead; the precipitate separated by 
filtration is dissolved in dilute acetic acid (which leaves cinchona-rod 
undissolved), and the filtrate is precipitated by ammonia. The light 
yellow precipitate is washed and decomposed by liydrosulphurio acid, 
and the liquid filtered from the sulphide of lead is again precipitated 
with an alcoholic solution of nentral acetate of lead. If the cinchona- 
tannate of lead thus obtained be decomposed niider water by hydro - 
sulphuric acid, and the liquid, filtered from the sulphide of load, 
evaporated in vacuo over oil of vitriol and a mixture of ferrous 
sulphate and lumps of potash, cinchonatannic acid remains behind, 
already somewhat altered. (Schwarz.) — 2. The bark is exhausted 
with water at 60°, containing 1 or 2 p. c. oil of vitriol; the filtrate is 
mixed with carbonate of potash, which throws down a compound of 
cinchonatannic acid with excess of quinine or cinchonine ; and this com- 
pound is washed on the filter with a small quantity of r^^ator, during 
which it turns red in consequence of the oxidation of part of tlie 
tannic acid; it is then dissolved in dilute acetic acid, the oxidised 
extractive matter remaining hi combination with the acetic acid ; tlie 
liquid is precipitated with basic acetate of lead (the colourless solution 
retaining quinine and cinchonine, which may be further worked up) ; the precipi- 
tated cinchonatannate of lead is decomposed by hydrosulplmric acid ; 
and the filtrate is evaporated in vacuo. (Berzelius.) Or the above- 
mentioned acid extract is boiled with hydrate of magnesia ; the liquid 
is filtered; the residue containing magnesia, cinchonatannic acid, 
quinine, and cinchonine, is dissolved in dilute acetic acid ; the solution 
filtered from the cinchona-red, is precipitated by basic acetate Of 
lead ; and the precipitate is decomposed as above. (Berzelius.) 

The cinchonatannic acid obtained by method 2, may be purified by 
dissolving it in a small quantity of water, and evaporating* the filtrate 
in vacuo, — or bettor by solution in ether and evaporation. (Berzelius.) 

Fro 2 )ertm. Light yellow, friable, very hygiroscopic mass, ivhich 
becomes electric by friction. Has a slightly soitr, somewhat astriugeot 
taste, blit is not at all bitter. 

Calculation according to Schwarz. Schwarz, 


42 C 

252 ... 

44*84 ... 

.... 44*75 

30 H 

...... 30 ... 

5*33 ... 

5*49 

35 0 

280 ... 

49*83 ... 

..... 49*76 

C42H»»035 

562 ..., 

100*00 .... 

100*00 


Schwarz regards the substance analysed as a mixture of 2 at. oxidised tannic acid 
and 1 at. unaltered tannic acid + 2aq. 

Decompositions. 1. Cinchonatannic acid heated to 100° in a stream 
of carbonic acid, acquires a deep red colour ; if water be then poured 
upon it, a red-brown resin separates. (Schwarz.) When subjected to 
dry distillation, it emits a faint odour of carbolic acid, and yields a 
distillate^ which exhibits towards alkalis in contact with the air, and 
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towards ferric cliloiide, the same reactioas as pyrocatc^chiu (xi, 371)). 
(Schwarz.) — 2. Its aqueous solution, when evaipora ted by laaat, deposits 
a red-brown powder ; after tlie residue has been exhausted with water, 
a compound of ciuchonatannic acid with c/mchona-red remains undis- 
solved ; and iiually the acid is completely converted into ciiichona-red. 
(Berzelius.) — The aqueous solution of cinchonatannic acid, especially 
if supersaturated with aUcalis or alkaline earths, absorbs oxygen, 
and acquires a darker colour. (Berzelius.) In this reaction, products 
are formed, wdiich may be regarded as compomids of a body contain- 
ing with oxygen and water. (Schwarz.) 

a. Aqueous cinchonatannic acid deposits, on addition of water, a red- 
brown substance, which, wdxen washed and dried at 100°, contains 55 *35 
p. c. carbon, 5*68 hydi'ogen, and 38*97 oxygen, and may be represented, 
according' to Schwarz, by the formula or 4- HO. 

(calc. 55*38 p. c. C., 5*64 H., and 38*93 0.) From the filtrate, dilute 
sulphuric acid separated red docks, easily soluble in alcohol, and 
sparingly in water, and containing at 100°, 38*87 p. c. C., 4*81 H., 
and 56*32 0.: according to Schwarz = or = + 2aq. 

(calc. 38’9l C., 4*86 H., and 56*23 O.) — 5. Oiiichonatamiic acid in contact 
with air and ammonia, rapidly absorbs oxygon, then, on addition of 
dilute snlphnric acid, gives off carbonic acid— the volume of whicli, 
however, is less than that of the oxygen absorbed — and deposits red- 
brown flocks, probably consisting of cinchona-red. — c. Cinchonataii- 
nate of lead dried at 100°, in contact with the air, was found to 
contain 54*3 p. c. PbO., and, after deduction of this, 47*92 p. c. 0., 
4*85 11., and 47*23 0., showing that it had been converted into 
(calc. 47*67 p. c. C., 4*63 H., and 47*70 0.). (Schwarz.) 

3. Cinchonatannic acid, heated with aqueous liydrocMorio acid, is de- 
composed, '^vith separation of red fl(.)cks, which dissolve with leek-green 
colour in aqixcons alkalis. (Schwarz.) — 4. When heated with 
leij it loses the power of precipitating gelatin, and does not recover that 
powmr even after supersaturation with acids. (Pelletier & Caventou.) 

Cinchonatannic acid dissolves readily in loater. 

From the concentrated aqueous solution, hydroclihnc and sulphuric 
acids throw down compounds of cinchonatannic acid wuth the acids, but 
less easily than from aqueous gallotannic acid. (Berzelius.) 

It unites with bases, forming easily alterable salts, which split ujx 
into cinchona-rod and a carbonate, especially if they contain excess of 
base. (Berzelius-) From a concontnitod aqueous solution of cinchona- 
tannic acid, carho)uiic of pjotmh throws down a sparingly soluble 
compound which soon turns red. (Berzelius.) 

Cinehomtannate of Lead, Preparation, see above. The salt, dried in 
vacuo over oil txf vitriol and a moist mixture of ferrous sulphate and 
lumps of potash, contains 53*5 p. c. lead-oxide, and after deduction 
of this, 55*70 p. c. 0., 4*60 H. and 39*70 0., and is, therefore, 

(calc. 55*81 G., 4*31 H., 39*88 0.) + 3PbO. (Schwarz.) The lead-salt dried 
at 100° contains 49*20 p. c. lead-oxide. (Keichhardt.) 

Cinchonatannic acid dissolves easily in alcohol and ether, (Berzelius.) 
With starch, gelatin, and white of egg, it behaves like gallotannic acid. 
The aqueous solution mixed with the latter acid, dries up to a trans- 
parent extract* (Berzelius.) 
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TANINIG ACIDS, ETC*, FROM ClNCnOI>5A-BAKKS. 


2. Ginchona-red. , 

PisLLETiKi^ & Caventof. Ann, Chan. Fhf/ft. 15, BIT). 

11. Sgifvatiz. ]T7e/E .Ate?. Iter. 7, 255. ‘ ^ 

IIeiciiitardt. Ueher die chemischeii BedandthellQ der (JJnnarauhn^ 
Braimscliw. 1855. 

Oxidised Tannin of Cinchona-harlc, Uouge cinchoniquo, Matiere coloranie rcm/n 
(hi Quinquina. — Tlenss {Golt. Anz. 1812, COl) first distinguished the non-bitter 
constituent, insoluble in water, of the alcoholic extract of cinchona-bark, by the name 
of Ronqe cinchonique. The cinchona-red of Schwarz exhibits different properties from 
that of Pelletier tSi Caventou, the difference arising, according to Schwarz, from the 
presence of humous substances; but, according to lleichhardt {Wmi. Alcad. Ber. 
30, 169), pure cinchona-red was obtained only by Schwarz, wliereas that of Pelletier & 
Caveiitou likewise contained quinovinc. — Guiraud-Boissenot (.V. J. Pharm. 25, 109) 
distinguished between soluble and insoluble cinchona-rcd. 


Formation. Fnmi ciiiiclionatauiiic acid by cxidatloii (}). 481). 

Occurrence. In brown, red and yellow cinchona- bark. (Pelletier & 
Caveiitoii.) In Oinchom regia. (Schwarz.) Most abuudautly in Cin- 
chona rulva^ less in Cimhona regia and C. flam fdnmrf, not afc all in 
Hmnoco cinchona. (Reichhardt.) According* to Reichol {Ueher China- 
rinden und deren chemkehen Bestandtheile, Leipz. 185G), it occurs also in 
the latter. The extract of Cinchona rubra prepared with water 
acidulated with sulphuric acid, deposits cinchona-rcd on standing*. 
(Reichhardt). — Cinchona-red occurs also in Oai’apa-bark from Cay- 
enne, perhaps obtained from a Fersonia (Petroz & Robinet, X Fliarm, 
7, B49). — ' A red colouring’ matter, obtained by Caveiitou {F. J. Fharm, 
IG, 300) from the bark of Suiienia senegalensis exhibits a certain degree 
of similarity to cinch oiia-bark. 

Frqmratiou. 1. Pelletier & Caveiitou cxhausPtlio bark with alcjoliol ; 
evaporate the tincture to dryness; boil the residue rc^peatiully, iirst 
with acidulated, then with pure water; and extract the fat with c^her, 
the cinchona-rcd then remaining* behind. — 2. The powtlor of Cinchona 
riihra, exhausted with water containing' Bulphuric acid and \vitli (dher, 
is digested four times with alcohol of 00 p. or as long m the alcohol 
rmiB away coloured; the tinctures are evaporated; and the residue is 
purified by rc-solution in alcohol and eva}u>ration (Reichhardt). 

3. The bark of Cinchona regia^ previonsly exliaustcd with water, is 
digested with dilute aqueous ammonia; the red-brow u is iirc- 

cipitated with hydrochloric acid ; the red-brown flocks containing 
quinovine and cinchona-red, are collected, washed, and boiled with 
thin milk of lime, a compound of quinovine and Hmo then passing into 
solution, whilst cinchona-red, together with lime, remains in the 
residue. This residue is washed with boiling water and decomposed 
by dilute sulphuric acid ; the cinchona-red thus Kseparatod is tlioroughly 
washed, redissolvecl in ammonia, and precipitated with hydrochknic 
acid the precipitate is washed and dissolved in alcohol; and the 
Solution filtered from the insoluble matter is evaporated to dryness 
(SOhwatz). ' A/ 
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4. Reicliel exliausts Iluaiioco ciuclioiia-bark witli alcohol of 95 p. c. 
evaporates the extract to dryness, and exhausts successively all the 
constituents that are soluble in ether and in water. 

Properties. Eod-brown, inodorous, tasteless, infusible mass (Pelletier 
& Oaventou, Eeichhardt). Ohocolate-brown (Schwarz), brick-red 
(Guiraud-Boisseiiot), light red-brown, darker when prepared from 
Cinchona rubra (Rcichel). 

Calculation according to Schwarz. Schwarz. 

at 100°. 

12 C 72 53*33 53*03 

7H 7 5*19 5*30 

7 0 56 41*48 41*01 

135 100*00 100*00 

According to Guiraud-Boissenot, it consists of with traces of iron and 

lime. 

Decompositions. When moistened mth water and heated^ it gives 
off a beautiful purple-red vapour, condensing with the same colour,—- 
then swells np, without actually melting, and yields a distillate con- 
sisting of a brown and afterwards black empyreumatic oil. The 
purple-red substance becomes more solid on cooling, then brown in 
contact with the air ; it dissolves in alcohol, and is precipitated there- 
from by water,-— also in potash-ley, whence it is precipitated by acids, 
and with yellow colour in ether (Petroz & Robinet, J. Pharm, 7, 855), 
Ciucliona-red yields by diy distillation pyrogallic acid, empyreumatic 
oil, and a carmi, no-coloured substance, soluble in ether and alcohol, in- 
soluble ill water (Guiraud-Boissenot). * 

Oinchona-red dissolves very slightly in boiling wccter, forming a 
pale yellow solution, — somewhat more freely in acidulated water 
(Pelletier & Oaventou). It is insoluble in water, sparingly soluble in 
dilute acids (Eeichhardt). — It dissolves abundantly in aqueous 
afmnoniay potash and soda, whence it is precipitated by acids. — The 
ammoniacal solution foimis with chloride of calcmn a precipitate of a 
Hue red colour (Eeichhardt, Eeicliel). Witli magnesia and alumina it 
forms fine rod lakes, the solutions of wMcli in adds do not precipitate 
gelatin. Prom the solution in acetic acid it is precipitated by basic 
achate of had (Pelletier & Oaventou). The aqueous solution (PeEetier 
& Oaventou) and the ainmoniacal solution (Eeichhardt) yield with 
tartar-emetic, a precipitate of a tine rod colour. 

Oinchona-red is iiisolublc in alcohol. According to Eeichel, it is 
more or less soluble in alcohol, according to the variety of the bark 
and the mode of preparation. 

Insoluble or very slightly soluble in eth&i' (Pelletier k Oaventou and 
others). Dissolves easily in ether, forming a dark red solution 
(Schwarz). Dissolves easily in strong acetic acid, and is precipitated 
therefrom for the most part by water (Pelletier & Oaventou, Eeioh- 
hardt). 

In the unaltered state, it is not precipitated by animal gelatin 
(Pelletier ,& Oaventou), but its ammoniacal solution is precipitated 
thereby, after a while, on addition of alcohol (Eeichhardt). — The 
solution of cinchona-red in aqueous potash or soda precipitates gelatin, 

2 I 2 ■ 
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tannic acids, etc., prom ClNCHONxV-BATLKS. 


"but not it‘ it liaB been licated. On the other hand, cinchona-red, mixed 
with ammonia, baryta or lime, precipitates g'clatin, after being* heated, 
but not before (Pelletier & Oaventoii). 


3. Lignoin, 


Keiche. TJeler Ghinarinden mid deren Bestandtlieile, Leipzig*, 185G. 

0. Hesse, Ann. Pharm. 109, 341. 

The humous constituent of Huanoco cinchona bark, 

Cinchona-barJc exhausted with ether, alcohol and water, is re- 
peatedly digested with soda-ley ; the dark red-brown solution is pre- 
cipitated with hydrochloric acid; the precipitate is washed, redis- 
solved in soda-ley, and reprecipitated by dilute sulphuric acid ; and 
this precipitate is washed, first with acidulated, then with pure water, 
and dried at 100® (Reichel). 


Fropertks. Black-brown, easily friable mass, having but little 
lustre. 


40 C 

.... 240 .... 

.... 59*25 .... 

Hesse. 

mean. 

.... 59-36 

23 H 

23 ... 

5-67 .... 

5-86 

N 

14 ... 

3*47 ... 

3*52 

IG 0 

m 

128 ..., 

31*61 ... 

..... 31-26 

.... 

405 ... 

100-00 ... 

100*00 


After deduction of 1*79 p. c. ash. — From Cinchona rubra, Reichel {N, Br. Arch. 
92, 9) likewise obtained lignoin, which however was found by analysis to contain 
61.5 p. c. G., 4*65 H. and N., besides oxygen. 

Lignoin, boiled with pofas//, gives off ammonia (Hesse) ; melted 
with potash, it likewise emits the odour of woodruff (Reichel), — It 
dissolves quickly in aqueous ammonia and in soda-l&y (Reichel) ; also in 
aqueous alkaline carbonates, without taking up oxygen (II^^hse). The 
ammoniacal solution is precipitated by acids, and throws down from 
lime- and baryta-salts a red brown Jelly, — ^from lead-salts, a light flesh- 
coloured precipitate (Reichel). 

It is perfectly soluble in alcohol of 85 p. c. (Reichel). 


4. Quinovatannic Acid, 

Hiasitotz. Wien. AJead. Ber. 6 , 266 ; abstr. Ann, Pharm. 79, ISO. 
OccurreMce. In the bark of Cinchona nova or surinmmmis. 
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Preparation, The aqiicoua decoction of the bark m precipitated 
with neutral acetate of lead ; the precipitate, which serves for the 
preparation of quinova-red, is removed ; and the filtrate is divided into 
three parts, one of wdiich is completely precipitated with basic acetate 
of lead, and then mixed with the other two portions. The precipitate 
thus produced, containing' quinovine, the remainder of the quinova-red, 
and a small quantity of quinovatannic acid (but scarcely available for 
the preparation of the latter), is also removed, and the liquid filtered 
therefrom is precipitated with basic acetate of lead. The washed pre- 
cipitate is decomposed under water by hydrosulphuric acid; the 
sulphide of lead is removed by filtration, and the hydrosulphuric acid, 
partly by warming the liquid, then completely by neutral acetate of 
lead ; the liquid is again filtered ; and the filtrate is mixed with a large 
quantity of strong alcohol, which throws down flocks of quinovatannate 
of lead. From this salt the acid is separated by hydi'osulphuric acid, and 
the solution freed from sulphide of. lead is evaporated in a stream of 
carbonic acid. 

Amber-yellow, transparent, friable mass, having an astringent and 
somewhat bitter taste. 


28 C 

at 100°. 

.... 168 

.... 52*01 .. 

Hlasiwetz. 

mean, 

51*82 

19 H 

.... 19 

.... 5*88 .. 

5*85 

17 0 

.... 136 

.... 42*11 .. 

42-33 

2CH308-faq. 

.... 323 .... 

.... 100*00 .. 

100-00 


■ Decompiositions. 1. When mixed with alkalis^ it oxidises in contact 
with the air. — The aqueous solution left for some time in contact 
with the air deposits a red powder, soluble in ammonia and in 
alcohol, and probably consisting of quinova-red. — 2. By boiling for 
some time with dilute sulphuric acid, it is decomposed, with forma- 
tion of a substance which reduces an alkaline solution of cupric oxide, 
like glucose. — 8. In contact with cupric hydrate or acetate, it assumes 
a dgtrk-greenish brown colour, the protoxide of copper being reduced 
to dioxide, and the acid oxidised to viridic acid. — 4. It reduces silver^ 
and gold-'SaUs, 

ComUnations. Soluble in water. Turns brown in contact with 
ammonia, the colour gradually becoming darker. Does not precipitate 
tartar-emetic, 

Qumovatannate of Lead. The aqueous acid does not precipitate 
neutral acetate of lead. The salt is prepared: 1. By precipitating 
the acid with basic acetate of lead, washing and drying at 100°. — « 
2. By precipitating the alcoholic solution of the acid with alcoholic 
sugar of lead, washing the precipitate, and dicing at 100°. 

According to 1. Hlasiwetz. According to 2- Hlasiwetz. 

mean. 

HOC 30'12 .... 29*99 28 C 26*2.^ .... 26*41 

89 H 3*18 .... 3*08 17 H 2*65 .... 2*67 

79 O 22*69 .... 22*67 15 0 18*75 .... 18*95 

n PbO .... 44*01 .... 44*26 3 PbO .... 52*35 .... 51-97 


iOO-rO 100*00 


100*00 .... lOO-OO 



486 TANNIC ACIDS, ETC., FROM CINCHONA-BARKS. 

No. 1 is regarded by Hlasiwetz as -I- llPbO + 9af|. j No, 2, as 

2(Ci^H807,Pb0) + Pb0,H0. — A third lead-salt contained 4Ci‘^&‘’O^PbO. (Wien* 
AAad. Ber* C, 270 .) 

Quinovatantlic acid colours firi'ic hjclrochlorate dark green. 

It dissolves in alcohol, not in ether. Does not precipitate sohitum of 
gelatin. 


5. Qninova-red. 

0WJ[GO6^ 


Pelletier k Caventou (1820). J. Pharm. 7, 111. 

Hlasiwetz. Wien. Ahad. Ber. 6, 273 ; Ann. Pharm. 79, 138. 

Different from cincliona-red. Occurs rcady-forniccl in large 
quantity in Cinchona nova. 

Formation, By tlie oxidation of qiiinovatauiiic acid (p. 485). 

Preparation. 1. Tlie aqueous decoction, or tlie alcoholic extract of 
tlie bark, is precipitated with neutral acetate of lead ; the precipitate 
(which contains scarcely any organic compound except quinova- 
red) is decomposed under water by hydrosulphuric acid; and the 
mixture of quinova-red and sulphide of lead is washed with water 
and boiled with a small quantity of alcohol. Prom the alcoholic 
filtrate, the quinova-red is precipitated by the addition of a largo 
quantity of water (Hlasiwetz). — 2. The bark is digested with dilute 
aqueous ammonia, the filtrate is iirecipitated with hydrochloric acid ; 
and the precipitate is washed till the filtrate no longcu* tmms iron-salts 
green, and therefore no longer contains quinovataunic acid. The 
residue is freed from admixed quinovine by boiling it 4 or 5 times 
with milk of hme ; the compound of quinova-red witlx lime, which is 
insoluble in water, is decomposed by hydrochloric acid ; the separated 
quinova-red is washed with water, and dissolved in dilute aqueous 
ammonia; and the solution is precipitated with liydrocliloric acid. 
After washing out the hydrochloric acid with hot water, the precipi- 
tate is dissolved in alcohol, separated from the undissolved matter, 
and the pui-e quinova-red is precipitated by mixing the filtrate with, 
water (Hlasiwetz). 

Properiies. Nearly black, shining resinous mass, yielding a dark 
red powder (Hlasiwetz). 

at 100**. Hlasiwetz. 

12 C 72 CPOl ........ 61-21 

H 6 5-09 5 08 

5 Q 40 S3-90 33-91 

118 100-00 100-00 

, 0,. Hesse Pharm. 109, 312) suggests the formula (calc. 01*85 

p.c. C., 5*17 H., 32-98 O), having regard to that of lignoln (p. 484.) 
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By successive treatment witli potash and ackls^ qiiiiiova-red is cou- 
vertod into a tannic acid (Pelletier &: Oaventou). — With nitric acid it 
forms oxalic acid (Pelletier & Oaventoti), 

Qninova-red is nearly insoluble in water. (Hlasiwetz.) It is not 
altered dilute acids. It dissolves easily in aqueous ammonia^ and in 
the fixed allcalis (Hlasiwetz), less easily than chinchona-red. (Pelletier & 
Oaventou.) Porjns insoluble comjDounds with haryta and lime. 
(IIlasiAvetz). Docs not precipitate tartar-emetic (Pelletier & Oaventou). 

Alcoholic quinova-red is completely precipitated by alcoholic sugar 
of lead. The red-brown jweeipitate washed and dried at 100°, contains 
45*1 p. c. PbO, 32*61 0., and 2*33 H., and, therefore, consists of oxide 
of lead and oxidised quinova-red 0“HP0^^ (Hlasiwetz). 

Quinova-red dissolves easily in alcohol and in ether. (Hlasiwetz.) 


0 . — Tannic Jcids from Fin us l^jilcestris and Fhlohapliene. 


1. Oxypinitaiinic Acid. 

imm' t 

Kawalieu. Wien. Alcad. Ber, 11, 354. 

Occurs about Christmas in the needles of Finns sylvesiris^ and is 
obtained as a lead- salt in the preparation of pinipicrin (see below). The 
lead-salt is digested with acetic acid diluted with 8 pts. water ; the 
filtrate is precipitated with basic acetate of lead, which throws down 
a pure lead-salt; the washed precipitate is decomposed by hydro- 
sulphuric acid ; and the filtrate is evaporated over the water-bath. 

G-rey or brownish powder. Inodorous. Has a very astringent 
taste. 

at 100®. ^ Kawalier. 

14 C..... 84 51*22 ..,.1 51*24 

8 H 8 4*87 4*08 

9 0 72 43*91 43*78 

1G4 100*00 100-00 

After deduction of 1*6 p.c. asb. 

IJecomimition. 1. Barns ’sihm. heated on platinum-foil, leaving a 
residue of charcoal. — 2. After supersaturation with ammonia, it 
quicHy absorbs oxygen from the air, and becomes dark-brown. — 3. By 
boiling with hydrochloric acid^ it becomes turbid, and acquhes the 
colour of carmine. Aqueous oxypinitannic acid, mixed with oil of 
vitriol, turns red, and deposits flocks on addition of water. On boiling 
it with dilute sulphuric acid, a red powder is precipitated, and after the 
removal of this powder and tlio acid, there remains in solution an 
amorphous substance, which contains 42*60 p. c. 0., and 6*80 H., and 
does not consist of sugar (llochledcr & Kawalier, Akad. Ber. 

29, 22), — 4. Tho ammoma-salt, mixed with nitrate of silver, becomes 
ln‘Own-rod, and separates metallic silver when heated. 
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Oombiaatiotis, Tlie acid dissolves readily in nmter. Tlie aqueous 
acid is coloured yellow by ammoma, and forms with harijta-imter^ a 
yellow liquid, which deposits red flocks when heated. It is coloured 
gToen by ferric chloride, and precipitates greenish-brown by sulphati^ 
of copper, and a small quantity of ammonia. It is not precipitated 
])y tartar-emetic or nitrate of silver, 

Oxypimtaimate of Lead. — Neutral acetate of lead forms, with the 
aqueous acid, a lemon-yellow precipitate, inclining* to greenish ; basic 
acetate of lead, a ci'eam -colon red precipitate. Preparation as above. 


28 C 


.... 26*43 ... 

Kawalier. 
26-11 

13 11 

13 .... 

.... 2*0,5 ... 

2-OS 

15 0 

1*20 

.... 18*86 ... 

18*48 

3 PbO 

335 

.... 52*66 ... 

53*33 


C-'^H'’‘50>q3Pb0 (m6 100-00 100*00 


2. Pinitanme Acid. 

QUITO®? 


KA.AVA.LiEn. Mea. Ahad. Ber. 11, C57. — 29, 19. 

1. Occurs about Ohiistmas in the needles of old trees of Finns 
st/lvestri$, and is obtained as a lead-salt in the preparation of pinipicrin. 
The liquid from wliich the oxypinitannic acid has been precipitated by 
neutral acetate of lead, is heated to the boiling point, basic acetate of 
lead is then added by drops, and the whole left to cool. The washed 
precipitate is decomposed by liydrosiilphiiric acid, and the liquid heated 
Avith the sulphide of lead, then filtered and CAmporated to dryness in a 
stream of carbonic acid. 

2. It occurs aJso*in the green parts of Thuja (KckhntaB, (Seo 
Thujigmin.) It is partly precipitated, together with tlmjin, by neutral 
acetate of lead, partly, together with thujigonin, in the aubsequont 
precipitation by basic acetate of lead, and remains in solution Avhon 
tliesc precipitates arc decomposed by hydrosul];)liuric acid, and thes 
thujin and thujigenin have aystalliscd out. The remaining solutions 
are evaporated to dryness, and the pinitannic acid is extracted by 
anhydrous other-alcohol. The filtrate quickly evaporated to dryness 
oyer the water-bath, leaA^es the acid which may be dried iu Amend over 
oil of Autriol. 

YelloAv-red, or, if prepared from brownish yellow ])owdev, 

Inwiiig a slightly hitter, astringent taste. At 100“ it becomes soft 
and glutinous. 

Kawalicr. 

from Finns, from Thuja. 

84 .... 53-84 .... 03*51 63*07 

8 .... 5-12 .... 5-42 5-55 

64 .... 41-04 .... 41*07 40*78 

.... 156 .... 100*00 .... 100*00 lOO-OO™ 


14 C. 
8 H 
8 0 
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Decompositions. 1. Burns on platiniini-foil, leaving charcoaL — 
2. Swells up at 130°, yields an acid watery distillate between 100° 
and 200°, and tar at liiglier temperatures. — 3. The ammoniacal solu- 
tion absorbs oxygen and becomes red-brown. — 4. AVlien aqueous 
pinitannic acid is heated with dilute acids, a red powder is separated, 
while an amorphous substance remains behind. 

a. The red powder (pre])ared with pinitannic acid from pines) con- 
tains 58*22 p. c, 0., 4*G5 IL, and 37*13 0., agTceing* with the formula 
(calc. 58*33 C., 4*63 H., and 37*04 0.). — The product from Thuja, 
after washing with cold water, dissolves with difficulty in boiling 
water, and separates in brick-red flocks on cooling. After drying in 
vacuo, it contains, on the average, 58*37 p. c. C., 4*69 IT., and 
36*94 0. _ 

h. The liquid freed from the red powder and the acid, leaves, when 
evaporated over the water-bath, an amorphous, brown-yellow residue, 
which reduces cupric oxide in alkaline solution, like glucose, but does 
not taste sweet or exhibit any of the other characters of a sugar. It 
contains 47*02 p. c. Q., 5*84 H., and 47*14 0.. answering to the formula 
or C-^IFO^h ^ 

Pinitannic acid dissolves readily in vxiter. Tlie solution colours 
ferric chloride dark brown-red, and precipitates cupric sulphate and 
idtratc of silver, the latter on addition of ammonia. 

Finit annate of Lead. — The aqueous acid throws down from neutral 
acetate of lead, a yellow precipitate, easily soluble in a small quantity 
of free acetic acid; from the basic acetate, at mean temperature, a 
himon-yellow at the boiling heat, and with excess of basic acetate, a 
fiery chrome-yellow precipitate. Contains 54*16 p. c. lead-oxide, and 
after deduction of this, 53*11 p. c. C., 5*42 IT., and 41*47 0., on which 
account Kawalier supposes it to contain = 40^*HW -f ITO 

in combination with lead-oxide (calc. 53*08 C., ■5*2i H,, and 4l*7l O.). 

Pinnitaunic acid dissolves easily in alcohol and ether. It docs not 
precipitate solution of gelatin. Its aqueous solution, heated to boiling 
with a small quantity of stannic hydrochloratc, 'communicates to 
woollen stuffs mordanted with alum or tin-salt, a permanent lemon- 
yellow to chrome-yellow coloui*. 


3. Cortepinitannic Acid. 

Qieqpo^ ? 

Kawauer. Wien. Ahad. Ber. 11, 363. 

Occurrence. In the inner and outer bark of old trees of Finns 
sylvestris about Christmas. 

Preparation. From the inner hark (see Pimeorretin, p. 38). The 
lead-salt obtained in the preparation of pinicorretin is snspended in 
Avater, and decomposed by hydrosulplniric acid ; and the heated liquid is 
filtered froin the sulphide of load, and evaporated to dryness in a stream 
of carbonic acid. 
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2. From the outer IcA The bark, cleansed and coars(‘iy bruised, 
is boiled -with alcohol of 40°; the filtrate is left to cool; the wax 
which separates is removed by filtration ; and the greater part of the 
alcohol is distilled off, whereupon a fresh quantity of wax separates 
out. The filtered and expressed liquid, mixed with water and solution 
of neutral acetate of lead, yields a iDrecipitato of impure cortopiuifcjiunate 
of lead (a ) ; and the liquid filtered therefrom yields, with basic acetate 
of lead, a second precipitate, which has a dirty yellow colour, but like- 
wise consists of cortepinitannate of lead (/3). The first lead-salt is 
treated with dilute acetic acid ; the red filtrate is precipitated with 
basic acetate of lead ; the brown-red precipitate is washed and decom- 
posed by hydrosulphuric acid ; and the hot-filtered liquid is evaporated 
to dryness in a stream of carbonic acid, cortepinitannic acid then 
remaining. 

Froperiles. Bright-red powder. 

Kawalier. 

a. b* mem, 

32 C 192 .... 55-65 .... 55*45 56'12 

17 H 17 .... 4-92 .... 5-30 4*76 

17 0 136 .... 39-43 .... 39*25 39-12 

CTiuoi?.... 345 .... 100-00 .... 100*00 lOO’OO 

Obtained from tbe inner ; 5. from the outer barb. For h, Kawalier gives the 
formula differing from tbe formula above by at. water, and regards a as 

2Cm70r 3HQ, i as 4C18H707 + 5HO, 

Decompositions, Thelead-salt ft obtained as above, contains in 100 pts. 
after deduction of tbe lead-oxide, 54-61 p. c. 0., 5*18 H., and 41*21 0., 
therefore cortepinitannic acid, (calc. 54-24 p. c. C., 5-08 H., 40-68 0.), 

combined with lead-oxide (such, at least, appears to be Kawalier^s meaning). 
When this lead-salt is decomposed under water by liydrosulphurics 
acid, and the filtrate is evaporated in contact with the air, there 
remains an apparently unaltered residue, wliich however contaiiiH 
48*68 p. c. 0., 4*95 IT., and 46*37 0., and is therefore jx^ihaps phiicor- 
tannic acid 

The aqueous solution of the acid is coloured grcuai by ferric 
chloride, 

Om'tepinitannate of Lead, — Obtained from the inner bark in the man- 
lier described at page 33. 



In vacuo. 


Kawalier, 

48 C 

288 .... 

... 34-69 

34-17 

23 H 

. 23 .... 

.... 2-77 ... 

...... 2-80 

23 0. 

184 .... 

... 22-17 

21-99 

3 PbO 

335 .... 

... 40-37 

40-98 

C4sa^:30‘3,3PbO , 

830 .... 

... 100-00 

...... 100*00 


After deduction of the lead-oxide, or 3C^'T-PO"-H 2110. (Kawalier.) 
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i. Pinicortannic Acid. 


Kawaliek. Wieiu Ahad, Ber. 11, ?>G0. 

Occumnoe. In the bark of Binim sylvestris* 

Fomiation, Cortepinitannic acid clianges to pinicortannic acid 
■when its solution is evaporated in contact -with the air (see p. 490 ). 

Preparation* See Pinnicorretin (p. 33). 

Propertm. Eed-brown powder. 

In mcuo, Kawalier. 

32 C 192 48*60 48*57 

19 H 19 4*81 4*93 

23 0 184 46*50 46*50 

CmW .... $95 100*00 100*00 

After deduction of 1*2 p. g. asb. — or + aq. (Kawalier.) 

When boiled with ivater containing hydrochloric acid, it is converted 
into a bright red powder, which, after drying in vacuo, contains 
51*56 p. c. 0., 4*47 H., and 43*97 0., and is therefore or 

ao^^l-ro^® -p HO (Kawnilier). Calc. 51*34 C., and 4*45 H. 

After drying, it dissolves, but very slowly, in water. Its aqueous 
solution colours Jhric chlonde. 


6. Tannopic Acid. 

(j28jJ15013'? 


Bochledee & Kawalier. Wien* Alcacl Ber. 29, 22. 

Occurs in siiring in the needles of Finns sylvestris, and was obtained, 
instead of oxypinitannic acid, in a preparation undertaken with the 
object of obtaining the latter (p. 487). — Needles gathered about 
Easter contained tamiopic acid ; those gathered about Christmas yielded 
oxypinitannic acid. 

It oxidises readily, especially in contact with warm moist air. When 
heated with sulphuric or hydrochloric acid, it yields a red decomposition- 
product, similar to that which pinitannic acid deposits under the same 


circumstances. 

at 100®. 


Kawalier. 

28* C 

........ 168 ..., 

.... 58*54 .. 

58*45 

15 H..... 

15 .... 

.... 5*22 ,. 

5*28 

13 O 

104 .... 

.... 36*24 .. 

36*27 


287 

M.. 100*00 .. 

100*00 
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6. Tannecortepinic Acid. 


Rochledee & Kawalier. Wien. Ahacl. Ber. 29, 23. 

Occumnce. In tlie bark of Piniis sylvestris^ wlien tlie trees arc 
between 20 and 25 years old. 

Preparation. Tlie chopped bark is thoroughly boiled with alcohol 
of 40°; the alcohol is completely distilled off (the last portions, 
after dilution of the residue with water); the viscid resin which 
separates from the I'esidue is removed by filtration ; the filtrate pre- 
cipitated with neutral acetate of lead; the precipitate collected and 
washed; and the filtered liquid mixed with basic acetate of lead, 
whereby a fresh precipitate is formed, containing tannecortepinatc of 
lead, like the first. 

a. The precipitate formed by neutral acetate of lead is treated 
three times with quantities of dilute acetic acid insufficient for com- 
plete solution; the liquid is filtered from the undissolvcd portion, 
resin then remaining ; the united acetic acid solutions are precipitated 
with basic acetate of lead; and the precipitate is collected, washed, 
and decomposed under water with hydrosulphuric acid. The liquid 
filtered from the sulphide of lead, and evaporated to half its volume in 
a stream of carbonic acid, deposits brown-red crusts of tannecortepinic 
acid. 

h. The precipitate formed by basic acetate of lead is decomposed 
under water with hydrosulphuric acid; the filtrate is evaporated in 
a stream of carbonic acid ; the residue is dissolved in alcohol, the 
solution precipitated with alcoholic neutral acetate of lead ; tlie pre- 
cipitate washed and decomposed under water with hydrosulphuric 
acid ; the filtrate again evaporated in a stream of carbonic acid ; and 
the residue chied at 100°. 

Properties. Reddish brown powder, which does iiot become 
glutinous at 100°, Has an astringent taste. 


28 C 

168 ... 

60-e5 .. 

Kawalier. 

mem}. 

60*42 

13 H 

...... 13 ... 

4*69 

4*76 

12 0 

96 ..., 

3*1 *66 ... 

34*82 



277 ... 

100*00 ... 

100*00 


After deduction of 0*14 to 0*8 p. c. ash. 

The aqueous solution, heated with dilute sulphirio or hydrochloric 
aeid^ d(iposits a fine red precipitate of nearly the same composition as 
tannecortepinic acid. The filtrate freed from siilphiiric acid and thc' 
rest of the red body, by a small quantity of basic acetate of lead, 
and from lead by hydrosulphnric acid, leaves, on evaporation, tt 
sweetish colonrlcss residue, which reduces an alkaline cupric solution, 



PIILOBAPIIENE. 


493 


like glucose, and Lnrns on platinum witli an odour of sugar. The 
rpiantity obtained from 100 pts. of tannecortepinic acid reduces as 
much cupric oxide as i3*48 pts. of grape-sugar. 

With aqueous ferrk hjclrocldomte it becomes dark green, then red- 
brown, and finally yields a black-gi'ecn precipitate. 


7. Pityxylonic Acid. 

WiTTSTEix. Pliarn], Viertelj. 3, 14. 

From TtiTVQ, pine^ and wood. — Occurs ill the Stem of Pinu& sylve&trts^ 
and probably also in that of Pinus Abies, 

Preparation. Finely rasped pine-wood is boiled with water, the 
liquid is mixed with carbonate of baryta, strained and evaporated to a 
few ounces, then filtered, and the residue is exhausted with ether. 
The mass exhausted with ether and treated with warm alcohol, yields 
to the latter liquid pityxylonic acid, which remains behind when the 
solution is evaporated. 

Brown-yellow, amorphous mass, hygroscopic, with a strong bitter 
taste and acid reaction. 

Sparingly soluble in cold, easily in boiling leatevy forming a pale 
yellow solution, which becomes turbid on cooling. — Easily soluble in 
alkaline water. 

Lead-salt* The acid is dissolved in ammoniacal water; and the 
solution precipitated with neutral acetate of lead. — Bitter powder, 
becoming electric by friction. — Somewhat soluble in water. 


25 C 

at 100°. 
150-0 .... 

44-43 .... 

Wittstein. 

mean. 

44-58 

20 H 

20*0 .... 

5-92 .... 

5*81 

8 0 

.... 64-0 .... 

.... 18*99 

19-11 

PbO 

.... ni-8 .... 

30-66 .... 

30-50 

C25H“08,Pb0 

.... 345-8 ... 

100-00 .... 

100-00 


So according to Wittstein. 


8. Phlobaphene. 

O^IPO®? 

Stahelin & Hofstetter. Ann, Pharm. 51, 65. 

According to Stabelin & Hofstetter, pblobaphene is an ordinary constituent of the 
outer bark of Pirns syhestris^ Betula alba, yellow dnebona-bm-k, and the bark of 
Platanus acerifoUa. Kawalier ( Men. AMd, Per, 11, 344) contests tie independent 
existence of pblobaphene, whereas J. Wolff {Pharm. Viertelj. 3, 1) filds it also in 
birch-fungus, and Wittstein {Pharm. Viertelj. 3, 10) in pine-bark. HessJ(Awn Pharm. 
109, 343) calls attention to the resemblance of phlobaphene to cincho^-red (p. 48^), 
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whereas, accorAing to others, it resembles rhodoxanthm. Finding it impossible to deter- 
mine the precise relations of these imperfectly investigated bodies, I have tlionght it 
best to follow Stiihelin & Hofstetter. (R.r.) 

By the following mode of; treating the harks, sometimes phloba- 
phene is obtained, sometimes bodies differing from it by water or 
oxygen. 

1. PMohaphem from the outer Barh of Pirns s?/lvestris , — From the 
alcoholic extract of the bark previously exhausted with ether, etlier 
extracts wax, leaving a brown residue insoluble in water. 

a. When the brown residue (or phlobaphene obtained by 1, &) is 
dissolved in aqueous ammonia, and the solution precipitated with dilute 
sulphuric acid, red-brown flocks are thrown down, and tlic yellow 
filtrate, on exposure to the air, deposits an additional quantity of the 
same substance. These flocks contain 59*98 p. c. C., 4''44 IL, and 
35*58 0., and consist of Stahelin & HofstetteFs hydrate of phloba- 
phene aq. — The same hydrate of phlobaphene is likewise 

extracted by aqueous alkalis from the bark previously exhausted witli 
ether and alcohol, and is precipitated from the red-hrown solution by 
sulphuric acid. After repeated solution in alcohol and evaporation, it 
contains 59*58 p. c. 0., 4*59 IL, and 35*83 0. ; it is insoluble in water 
and dilute acids, precipitated from the ammoniacal solution by baryta- 
and lime-salts, and sparingly soluble in alcohol after drying. 

L When the ammoniacal solution of the brown residue is treated 
with neutral acetate of lead, the precipitated lead-salt exhibits the 
composition a ox /3, according to the circumstances of the preparation. 


60 C 

2n H 

25 0 

4 FbO 

Lead-salt a. 

..... 360*0 

25*0 

200*0 

447*2 

.34*34 .. 
2*42 .. 
19*36 .. 
43*38 .. 

Stabelin 
h Hofstetter. 

35*25 

2*70 

19*90 

42*15 

3C30HSOS,4PbO + aq. 

.... 1032*2 

100*00 .. 

.... 100*00 




Stiihelin 


Lead-salt j3. 


& Hofstetter. 

20 C 

120 0 

18*01 .. 

18*09 

11 H 

11*0 

i*6r> 

1*80 

n 0 

88*0 

13*21 .. 

13*20 

4 PbO 

447*2 

6713 .. 

GG-91 

C*otFO»,4PbO + 3aq., 

C66*2 

100*00 .. 

100*00 


c. Wlien the brown residue is dissolved in a small quantity (ff 
boiling alcohol, and precipitated with hot water, the liquid being 
stirred, a red-brown precipitate of phlobaphene is produced while 
tannic acid remains dissolved in the filtrate. — The phlohaphcnc imme- 
diately separated by filtration, and washed with boiling water, is 
rod-brown, free from nitrogen, tasteless, and unalterable in the air, 
“both in the moist and in the dry state. It does not melt when heated, 
but burns with a smoky flame, leaving a large quantity of charcoal. 
It is slightly soluble in acetic acid, insoluble in water and in other 
dilute acids, but dissolves really in aqueous alkalis, with deep brown- 
red colour, and after drying, is no longer soluble in alcohol. It' con* 
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tains, on tlie avera^’e, G2*78 p. c. 0., 4*o0 H., and 32*92 0., answering 
to tllG fomnla (calc, C2-50 C., 4*10 H., and 33*34 0.). 

(J, The yellow, sour and astringent liquid filtered from the phloha- 
pheue, deposits, on standing or evaporation in contact -with the air, 
hydrate of plilohaphcne, in the form of a red-brown powder, containing* 
59*81 p. c. (1, 4*59 II., and 35*60 0. It precipitates metallic and 
earthy salts, also ferric chloride, the latter dark-green. On adding* 
neutral acetate of lead to the hot liquid immediately after filtra- 
tion, a grey precipitate is formed, containing, on the average, 37*92 
]). c. C,, 2*40 IL, 24*80 0., aiid 34*70 PbO., answering to tlic formula 


II. Phlohapliene from ih Bark oj Platcuuis Aceri/olia. — Extracted by 
dilute potash-ley from the bark previously exhausted witli ether, and 
precipitated by dilute sulpliuric acid. The red-brown flocks are 
washed, then dissolved several times in boiling alcohol, and the solution 
is evaporated. Red-brown amorphous powder, having a slightly astrin- 
gent taste, somewliat soluble in cold, more solnhle in boiling water ; 
soluble in aqueous ammonia and in alcohol. Oontains, on the average, 
57*23 p. c. 0., 4*80 IL, and 37*97 0., coiTcspniiding' to the formula 
-h 2aq. (calc. 57*14 0., 4*7G IL, and 38*10 0), 


III. Fhlohapheiw from, Yellow Clnrhona-hark. — W^heii the alcoholic 
(uxtnicfc of the bark, previously exhausted with ether, is cvapoi*ated as 
long as it reniahis (dear, and then mixiul with water ccjntainiug sul- 
phuric acid, a copious red-brown })recii)ita,te falls to the bottom. Prom 
this precipitate an insoliibki portion, may be separated by 

digestion in aminouia. If tlie solution be then jjrecipitatcd witii 
acetic acid, and the [)recipilate treated with alcohol, phiobaphene’ 
remains bcliiud, and a fresh portion of the body passes into 

solution. The plilobaphcno thus obtained is a brown-red powder, 
which does not fuse when heated, is insoluble in water, acids, alcohol, 
and other, and dissolves easily in aqueous alkalis. It contains 
62*55 p. c. 0., 4*41 H., and 33*04 0., answering to the formula O^^IPO®, 
and the compound precipitated by neutral acetate of lead from its 
ammoniacal solution, coutaiiis 18*57 p. c. 0., 1*39 H., 10*19 0., and 
69*85 PbO, agrocung with the formula C^^IP0^4PbO. Prom the 
cinchona-bark exhausted wdtli alcohol and ether, dilute potash-solu- 
tion extracts hydrate of })hlo])aphcnc, prccipitablo by sulphuric acid, 
ami containing 59*35 p. c. 0., 4*59 IL, and 36*06 0. When this com- 
pound is precipitated from tlici alcoholic solution by alcoholic sugar of 
Iciad, the precipitattt contains, on the average, 70*28 p, c. PhO, as 
riMpiired by the formula 4 PbO (caic. 69*77 BbO). 

lY. Phlohapliene from the outer Bark of BetiilaAlbu. — After this bark 
has been exhausted with ether, alcohol extracts phiobaphene contain- 
ing’ 62*37 p. c. 0., 4*35 IT., and 33*28 0, Hydrate of phiobaphene 
then remains in the bark, whence it may be extracted by potasli-ley, 
and when precipitated by hydrochloric acid, contains 59*^7 p. c. C.,. 
4*67 II*j and 35*46 0. 
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I ). — Tannic Acids from Aspidium Filic j\fas. 


1. Tannaspidic Acid. 

Luck. Jalirh. Pharm, 22, 159 ; abstr, Pharm. Centr. 1851, 657 and 
676; Chem. Oa^, 1851, 452 and 467. 

OccAirrence. In the root of Aspidium Filir 'mas. 


Preparation. Wliou the coarsely piilv^orisod fern-root Is boiled with 
alcohol of 75 to 80 p. c., and the decoction mixed with water, a little 
hydrochloric acid, and pnlverised sulphate of soda, a precipitate is 
formed, containing’ tannaspidic and pteritaiinic acids. This precipitate 
is collected, washed with solution of sulphate of soda, pressed, again 
triturated with water, and digested for half an hour at 60'^ — ■ 80° 
with water containing- hydrochloric acid, whereby ammonia and other 
bases arc removed. The residue, washed with water, dried arnl 
exhausted with ether free from alcoliol, yields pteritannic acid to this 
solvent. The ethereal solution is filtered; the residue warmed with 
strong alcohol, mixed with a few drops of solution of neutral acetate 
of lead, then with hydrosulphuric acid (which renders it capable of filtratmn), 
and filtered ; and the filtrate is evaporated, first in a stream of hydro- 
gen, then in vacuo over oil of vitriol. The tannaspidic acid tlms 
obtained is pure if insoluble in water and ether, but completely solubhj 
in alcohol. 

Properties. Black-brown, amorphous, shining, friable, mass. In- 
odorous, with a slightly astringent taste and faint acid reaction. 


Luck. 

u, h. nimn, 

in vacuo. 


20 C 

14 H 

11 0 

.. 150 . 
.. 14 . 
.. 88 . 

... 60*40 
... 5*42 

... 34*12 

28 C 

14 H 

12 0 

.. 168 . 
.. 14 . 
96 , 

... ()0-43 . 

... 5*04 . 

... 34-53 . 

... 60-27 
... 5-65 

... 34-OB 

CsoHwon.., 

. 258 . 

... 100-00 

C28HM012 . 

,. 278 . 

... 100-00 . 

... 100*00 


Luck gkes the first formula; the second here proposed, agrees with the analysis of 
the free add, less closely with those of the lead-salt and the derivatives. (Kr.) 


Decompositions. 1.' The clear solution of tannaspidic acid evaporated 
at 100°, with access of air, leaves a residue partly insoluble in alcoliol. 
— 2. Eeatedmo. test-tube, it gives ofi acid water, with an odour of 
burnt tartar, and leaves charcoal. — 3. Bums without residue on plati- 
num foil. — 4. With oil of vitriol^ it forms a red-brown solution, which 
becomes darker when heated, and is partly precipitable by water. 

5. The alcoholic acid is converted by tincture of Wme at 40° — 60°, 
into a brown iodated substance, which is precipitated by water, and 
may be freed from excess of iodine by other free from alcohol — 6. By 
(kjcMorke gas, it is converted into bichlorotannaspiaic acid ; by moist 
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chlorine gas into qiiadrichlorotannaspidic acid, and by chlorine-water, 
into trichlorotannaspidic acid. — 7. The alcoholic solution, heated 
with hydrochloric acid, acquires a fine pnrple-red colour, and when 
mixed with water deposits a red powder. This precipitate is regarded 
by Luck as ethyltannaspidic acid (p. 499). A solution of tannaspidic acid in 
wood-spirit does not yield methyl-tannaspidic acid, when heated with hydrochloric acid. 
— 8. Tannaspidic acid, when heated with dilute hydrochloric acid and 
chlorate of ‘potash^ gives off a large quantity of chlorine gas, and is con- 
verted into Luck's terchloroxytannaspidic acid, which appears to be 
identical with terchloro tannaspidic acid. — 9. It dissolves in cold fuming 
nitric acid, without evolution of gas, forming a brown solution, pre- 
cipitable by a small quantity of water. The solution yields, by 
evaporation, a yellow residue, not containing oxalic acid. — 10. A 
strong aqueous solution of chromic acid decomposes it with violent 
evolution of gas. -—11. With aqueous or aiymonia, \i forms a 

brown solution, which becomes darker when heated, takes up oxygen 
when exposed to the air, becoming purple-red or brown, and deposits 
brown or black flocks on addition of an acid. 

Insoluble in loater, — The alcoholic solution, mixed with ammonia, 
yields a brown precipitate with chloride of barium or chloride of calcium ; 
it colours sesquichloride of iron green, and precipitates it on addition of 
ammonia. With metallic sedts, on addition of ammonia, it forms dark- 
coloured precipitates, but it does not precipitate tartar-emetic. 

Lead-salt, — Precipitated from the alcoholic acid by an alcoholic solu- 
tion of neutral acetate of load, and washed with weak spirit, then with 
water. — Black shining mass, yielding a brown powder. 


2$ C 

a. 

. 156 . 

.. 43*21 

28 C 

b. 

. 168 . 

... 44*10 . 

Luck. 

mean, 

... 43^40 

13 H 

. 13 . 

.. 3*60 

13 H 

. 13 , 

... 3-41 . 

... 3*65 

10 O 

. 80 . 

.. 22-16 

11 O 

. 88 . 

... 23*10 

... 22-35 

PbO 

. 112 

.. 31*03 

PbO 

. 112 . 

... 29*39 ., 

... 30-60 


. 361 . 

... 100-00 

C“H«0“,PbO... 

. 381 . 

... 100-00 

... 100-00 


The first formula is that given by LucTc. 


Tannaspidic acid dissolves in alcohol, even in absolute alcohol. It 
dissolves in acetic acid, and is precipitated therefrom by water. It 
precipitates the solution of isinglass in arpxeons alcohol. 

It is insoluble in ether, oil of turpentine and fixed oils. 


2. Bichlorotannaspidic Acid. 

Luck. Jahrb.pr. Fharm. 22, 163. 

Dry chlorine gas is passed over tannaspidic acid dried in vacuo, a 
gentle heat being applied towards the end ; the resulting hydrochloric 
acid is removed by dry air ; the product is dissolved in alcohol, and 
the solution left to evaporate in contact with the air. 

Amorphous cinnamon-coloured powder, having a fruity odour, a 
slightly acid astringent taste, and acid reaction. 

VOL, XV. 2 K 
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Lucie. 




a. 




5. 


In mcuo. 

26 

C 

156 .. 

.. 47*88 

28 

C 

168 .. 

.. 48*41 . 

... 47*81 

11 

H 

11 .. 

.. 3*37 

12 

H 

12 .. 

.. 3*46 . 

... 3*35 

2 

Cl 


.. 21*74 

2 

Cl 

71 .. 

20*46 . 

... 21*90 

11 

0 

....... 88 .. 

27*01 

12 

0 

96 .. 

.. 27*67 . 

... 26*94 

326 .. 

.. 100*00 

C2SCPID30^2.... 347 .. 

.. 100*00 . 

... 100*00 


Luck gives the first formula, wliicli does not accord with tlie principles of this 
Handbook. 

The acid does not acquire a purple-colour ■when heated. It dissolves 
with brown colour in potash-ley. — With metallic salts, it reacts like 
tannaspidic acid. — ^ Insoluble in loatei', ether, and oils both fixed and 
volatile, but easily soluble in alcohol. 


3. TercWorotannaspidic Acid. 

Luck. Jahrh. pr, Plmmi, 22, 165 and 107. 

TricMoroxytmnaspidic add. 


Preparation. 1. When chlorine gas is passed into water in which 
tannaspidic acid is suspended, the brown acid is converted into a lighter 
loam-coloured powder, which may be washed, dried, dissolved in 
alcohol, and recovered by evaporating the alcohol. — 2. Pulverised 
tannaspidic acid, gently heated with hydrochloric acid and chlorate of 
potash, is converted, after a while, with copious evolution of chlorine, 
into a fiery orange-coloured powder, which separates as the liquid 
cools. Has an acid reaction and a sour astringent taste. 


a. 



26 C 

156*0 ... 




10 H 

10*0 ... 




3 Cl 

106*5 ... 

28*23 



13 0 

104*0 ... 






100*00 





Luck. 



h 


a. 

b. 

26 0 .... 


... " 40*60 .... 

41*27 

40*39 

10 H .... 

10*0 

... 2*60 .... 

2*69 

2*90 

3 Cl..., 

106*5 

... 27*64 .... 

28*13 

27*33 

14 0 

112*0 

... 29*16 .... 

.... 27*91 

29*38 

CsecpppooH 384*5 

... 100*00 .... 

.... 100*00 

100*00 


a was obtained by I ; 5 by 2 ; tbe latter is Luck's trichloroxytaunaspidic acid, for 
wMch he calculates the formula h The two acids appear to be identical. (Kr.) 

The acid (prepared by 1) dissolves in cold, and blackens hot oil of 
vitriol. 

It is insoluble in water, but dissolves with brown colour in aqueous 
alhalts. With metallic salts, it reacts like tannaspidic add. 
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^ Xeac?-sa/A — Obtained by precipitating the alcoholic solution of the 
acid with neutral acetate of lead. Brown flocks, forming, when dry a 
black-brown shining mass. ’ 

Luck. 





a. 

b. 

26 C 

156*0 . 

.. 31*94 .... 

.... 31*75 . 

.. 31*44 

10 H 


.. 2*05 .... 

.... 2*11 .. 

.. 2*18 

3 Cl 


.. 21*80 


13 0 

104*0 . 

.. 21*29 



PbO 

112*0 . 

.. 22*92 

.... 22*10 ., 

.. 22*30 


C2GcPHioO^^PbO 488*5 .... 100*00 


I is tlie lead-salt of Luck's trickloroxytauuaspidic acid = PbO. 

Terchlorotannaspidic acid dissolves easily in alcohol. The solution 
forms a very curdy precipitate with solution of yeZafm. — It is insoluble 
in ether and in oih^ hoih fixed and volatile. 


4. Quadrichlorotannaspidic Acid. 


Luck. Jahrh,pr, PAcm. 22, 168. 

Air-dried tannaspidic acid absorbs chlorine gas with rise of tem- 
perature and evolution of hydrochloric acid gas, and forms a brown 
powder, which dissolves easily in aqueous alkalis and in alcohol, and 
gives with metallic salts the same reactions as tannaspidic acid. 


26 C 

.... 156 ... 

35*61 ... 

Luck. 
35*74 

12 H 

12 ... 

2*73 ... 

2*81 

4 Cl 

.... 142 .... 

82*83 ... 

32*12 

16 0 

.... 128 .... 

29*33 .... 

29*33 

CSCHisci^Oi® .... 

.... 438 .... 

..... 100*00 ... 

.... 100*00 


5. So-called Ethyl-tannaspidic Acid. 


Luck. Jahrh. pr. Fharm, 22, 169. 


One pt. tannaspidic add is digested in the water-bath with 14 pts. 
aldohol of 65 p. c. and 2 pts. hydrochloric acid of sp. gr. 1T2, for an 
hour or two, or till the liquid, when viewed in thin layers, exhibits a 
pure purple-red colour ; any powder that may separate is dissolved by 
addition of alcohol; and the hot-filtered liquid is mixed with cold water. 
The light red precipitate is washed and dried. 

Light purple powder, without taste or smell. Neutral. 


56 C 
31 H 
21 O 


Luck. 

•mm; in vacuo. 


336 .... 

.... 62*81 

. 62*92 

31 .... 

.... 6*79 

, 5*79 

168 .... 

.... 31*40 

, 31*29 


CS6H31021 S35 


lOO'OO 


100*00 


2 K 2 
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So, according to Luck, wko regax’ds this compound ns ctliyl-tannaspidic acid, 
The body does not exhibit any of the cluiracfcers of an acid 
ether, hut appears to be related to tannaspidxc acid in the same way as ledixanthin 
or rhodoxanthin to ledi- and rhodo-tannic acids. (Kr.) 

Decompositions. 1. Tlic acid turns brown wlion exposed to tbc ctr, 
more quickly at 100°. — 2. In alcoholic or cther-alcolioUc solution, it 
decomposes and turns brown in a few days — or more quickly at tem- 
peratures between 60° and 80°, less easily if mixed with hydrochloric 
acid. The brown solution recovers its original colour when treated 
with hydrochloric acid. In this reaction, according to Luck, the 
ethyl-tannaspidic acid is resolved into alcohol and tannaspidic acid, and 
on subsequently treating the prodiict with alcohol p hydrochloric 
acid, W.] the ethyl-tannaspidic acid is reproduced. The alcoholic 
solution did not however exhibit any traces of newly formed alcohol 
(Kr.). — 3. It dissolves with orange-brown colour in oil of vitriol. • — ■ 
4. A\hth nitric acid^ it forms a brown-red substance. — 5. The alcoholic 
solution is decolorised by chlorine. — 7. By aqueous ammoriia, oviMash- 
ley of sp. gr. 1*2, it is converted into a dark-green powder; in case of 
greater dilution, it is dissolved, witli the same colour, and when left 
to itself, or heated, it is converted into tannaspidic acid. 

Insoluble in water. — When dissolved in alcohol, it forms a violet 
precipitate with chloride of barium, calcium, or aluminium, on addition of 
ammonia; greenish black with, ferrous chloride and ferric acetate; violet- 
red wi^protochUride of tin ; dark brown with nitrate of silver on addition 
of ammonia ; dark violet with bichloride of platinum. 

Lead-salts. — 2 b. Monobasic. Formed by precipitating the cold 
alcoholic solution of the acid with neutral acetate of lead. The pre- 
cipitate has a fine dark green colour, becoming dirty blue green on 
drying. 



Calculation 

according to Luck. 


Luck, 

56 

C 

336 

51-97 .... 

.... 51’99 

31 

H 

31 

4*79 .... 

.... 4*73 

21 

0 

168 

25*99 .... 

.... 26*03 


PbO 

112 

17*25 .... 

.... 17*25 


C56H3i02\pbO 647 lOO'OO 100*00 


b- With a larger proportion of Lead-oaide. — Basic acetate of lead 
throws down from the alcoholic acid a green precipitate, soon becotning 
dingy green. It contains 31-08 p. c. PbO, and is therefore perhaps 
20®eff30^C^H«0,2Pb0 (calc. 29*43 p. c. PbO.) (Luck). 

The acid dissolves in alcohol with dark purple colour. The solution 
produces a very slight turbidity in solution oi gelatin. — The acid is 
insoluble in ether, and in oils both Jhed and volatile. 


6. Pteritannic Acid. 

Luck. Jahrhpr. Fhar7n. 22, 173. 

See Tannaspidic acid (p. 496). The ethereal solution of pteritannic acid 
obtained as there described leaves, on evaporation, a Mack^brown 
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residue, which is dig’ested with distilled rock-oil as long as the oil is 
thereby coloured brown. The nndissolvcd powder is collected, pressed, 
triturated and boiled with 'water ; the residual resinous cake is dis- 
solved in ether ; and the solution is evaporated. 

Black-brown, amorphotis, shining mass, yielding a fawn-coloured, 


*. Tasteless 

, with a faint odour. 

Eeacts slightly acid. 

Calcidation according io Luck. 

Luck, 

24 C 

144 ... 

64-57 

64-41 

15 H 

15 ... 

6-72 

6-90 

8 0 

64 .... 

28-71 

28*69 

.... 

223 ... 

100-00 

100*00 


Luck’s formula should be doubled to make it agree with principles of the Handbook 

Decom^msitions. 1. When gently heated on platinum-foil, it melts, 
gives off balsamic vapours, burns with a luminous flame, and leaves 
charcoal. — 2. It dissolves with yellow-brown colour in oil of vitriol, 
— d. Dry chlonne converts it into bichloropteritannic acid. — 4. By boil- 
ing with alcohol and hydrochloric acidy it is converted into Luck’s 
ethylpteritannic acid (p. 503). — 5. In warm alkaline solution it absorbs 
oxygen, and turns brown-red. 

Insoluble in Water, — The alcoholic solution forms brown precipitates 
with chloride of barium and chloride of calcium on addition of ammonia, 
and green precipitates withp’oio- and sesqui- chloride of iron. 

Fteritannate of Lead. a. Sesquibasic. — Alcoholic pteritannic acid, 
mixed with excess of neutral acetate, or with basic acetate, of lead, 
throws down monobasic pteritannate of lead, and the liquid filtered 
therefrom yields, with a small quantity of ammonia, a light fawn- 
coloured precipitate of the sesqui-basic salt. 


48 C 

288 .... 

.... 37-32 ... 

Luck. 
37*82 

29 H 

29 

... 3*75 ... 

3*98 

15 0 

120 

... 15*56 ... 

14-75 

3 FbO 

336 

... 43*37 ... 

43-45 

2(C«H«0'.PbO) + PbO,HO .... 7?3 

... 100*00 

100*00 

Monobasic. 

Preparation just described. 




24 C 

... 144 ... 

44*22 ... 

Luck, 
44-07 

14 H 

... 14 ... 

4*30 ... 

4*81 

7 0 

66 ... 

17*22 ..., 

17-52 

PbO 

... 112 ... 

34*26 ... 

34-10 

C-H-B^ObPbO . 

... 326 ... 

100*00 ... 

100-00 


c. Biacid. — Bj precipitating alcoholic pteritannic acid with a 
quantity of neutral acetate of lead, not sufficient for complete pre- 
cipitation. Grey-brown precipitate. 





Luck, 

4ft n 

.. 288 ... 

52*50 ... 

52*47 

29 H 

„ 29 ... 

5-28 ... 

5*31 

O . 

.. 120 ... 

21*89 ... 

22-12 

PKO 

112 ... 

20*33 ... 

20*10 

' ' - . - . 

2C24HMObPbO,HO .. 

.. 549 

lOO'OO ... 

100*00 
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Pteritannic acid dissolves in strong alcohol, less freely in weak 
alcoliol ^ easily in 5 but is insoluble in oils, both fixed and volatile. 


7. Bichloropteritannic Acid. 


Lock. Jahrl, pr. Fharm, 22, 178. 

Chlorine gas is passed into water containing pteritannic acid in 
suspension, and the product is washed, dried, and purified by solution 
in ether. 

Light loam-coloured powder, tasteless, but with a slight fruity 
smell. 




Calculation according to Luck. 

Luck. 

24 

C . 

144 

, 47-87 .... 

.... 47-54 

14 

H 

14 ....... 

. 4-65 .... 

.... 4-80 

2 

Cl, 

71 

, 23-54 .... 

.... 23-33 

9 

0, 

72 

, 23-94 .... 

.... 24-33 


024hi3C12O^HO 301 100-00 100-00 


Insoluble in water. — Reacts with metalUc-salU like terdiloropterL 
tannic acid. 


Jjead-sdtSf — By precipitating the alcoholic acid with neutral acetate 
of lead, precipitates are formed, containing from 6 to 15 p. c. PbO. — 
The mo^ohasic salt is obtained by precipitating the alcoholic acid with 
basic acetate of lead. 


24 C 

... 144 ... 

35-70 .... 

Luck. 
.... 35-85 

13 H 

... 13 ... 

3-22 

.... 3-23 

2 Cl 

... 71 ... 

17-58 


8 0 

... 64 .... 

15-84 


FbO 

... 112 .... 

27-66 .... 

.... 27-63 

C^H^WOs.PbO .... 

.... 404 ... 

100-00 



BicMoropterritannic acid dissolves in alcohol and ether, but is in- 
soluble in oils, both fixed and volatile. 


8. Terchloropteritanmc Acid, 

LtTOK.. Jaht'k pr, Fham, 22, 177. 

Dry chlorine gas is passed over dry pteritannic acid; the resulting 
hydrochloric acid is expelled by dry air, and the product is purified 
by solution in alcohol 

Orange-coloured powder, having a faint peculiar odour, a scarcely 
bitter ^taste, and an acid reaction. 
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Calculation according to Luck. Luck. 

24 C 144-0 44-14 44-13 

12 H 12-0 3-67 3-91 

3 Cl 106-5 19-63 19-77 

8 O 64-0 32-56 32*19 

C24Xii2ci308 326-5 100-00 100-00 

Wlierr, heated on platmum-foil, it 'melts and gives off acid vapours. 

It is insoluble in wate7\^li dissolves with brown colour in 
aqueous alkalis. — The alcoholic solution forms a green precipitate 
with p 7 ^oto- and sesqtu-cMoride of irorij light brown with chloride of 
copper^ no precipitate with cMoride of calcium or barmn, nitrate of 
silver^ or ta^qar-emetic. 

Lead-salt — From an alcoholic solution of terchloropteritannic 
acid, basic acetate of lead throws down a precipitate which contains 
25*27 p. c. PbO, and is, therefore, C^H^^CPO®,PbO (calc. 25*48 PbO). 

The acid dissolves readily in alcohol and ether^ but is insoluble in 
oils^ both fixed and volatile. It forms a slight precipitate with gelatin'^ 
solution. 


9. So-called Ethyl-pteritannic Acid. 

Luok. Jahd). pr. Fharm, 22, 179. 

A solution of pteritannic acid in absolute alcohol is boiled with a 
small quantity of liydrochloric acid, and the purple-red solution is (a) 
cither clropt, with stirring, into a large quantity ol water, or (h) mixed 
with a small quantity of water. 

Prepared by a: Light purple-violet powder; by 5: Black-red 
resin, yielding a dark-red powder. Tasteless, with scarcely add reaction. 

Calculation according to Luck. Luck,. 

a. h, a. i. 

52 C 65*82 52 C 67*09 65-74 .... 67*03 

34 H 7*17 33 H 7*09 7-22 .... 7*05 

16 Q 27*01 15 0 25*82 27*04 .... 25*92 

100*00 100-00 100*00 .... lOO'OO 

Luck splits tlie formula a into 2C-^H^^07,C'*H®0,H0 ; 5 into 

Till the resolution of the so-called ethyl-pteritannic acid into pteritannic acid and 
alcohol is established by experiment, this body may be more probably regarded aa a 
compound analogous to ledixanthin (p. 528) and rhodoxanthin. (Kr.) 

When dissolved in alcohol^ it decomposes, with formuftion of 
pteritannic acid, less easily when mixed with hydrochloric acid. — It 
is decomposed by chlorine or by nitric acid, — Its solution in aqueous 
armnonia or potash turns brown on standing. 

The acid is insoluble in wate^^^ but dissolves with brown colour in 
oil of vitriol, and is precipitated therefrom by water. — It dissolves 
with green colour in aqueous alkalis, The alcoholic solution mixed 
with a little ammonia forms a green precipitate with chloride of barium 
or oa&wm, bluish violet with ridoride of cduminmn, blackish green with 
proto-* or smqui-cliloride of iron. It, predpitates cupric acetate violet. 
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Colours proto-chloride of tin violet, and on addition of amnioniaj pre- 
cipitates it bluisli green. 

Lead-salt The alcoholic solution of the acid forms with neutral and 
basic acetate of lead, green precipitates whicli become violct-grcy 
when dry. The precipitate, formed with an insufficient (piantity of 
the neutral acetate contains 10*5 p. c. PbO ; that formed with excess 
of the neutral acetate or with an insufficient quantity of l}aBic acetate, 
contains 21*55 p. c. ; and that formed with excess of the basic acetate, 
contains 33*59 p. c. PLO. 

Ethyl-pteritannic acid dissolves easily in alcohol and in ether, form- 
ing purple solutions. It produces but slight turbidity in solution of 
gelatin. 


E . — Gaffetannic and Viridic Acids, 


Caffetannic Acid. 

OUHW? 


PrAPi', Schw, 62, 31. 

Bollb, W, Br, Arch, 25, 271. 

PocHLEDER. Ann, Pharm, 59, 300. — Ann, Pharm, 63, 193; abstr. 
Pharm. Centr. 1847, 913. — Wien, Ahad, Per, 1, 224 ; Ann, Pharm, 
66, 35 ; Pharm. Centr, 1848, 697; Wien. Ahad, Per. 1, 228 ; Ann. 
2 harm. 66, 39; Pharm, Centr. 1848, 701. — Wien, Ahad. Per, 
7, 815 ; J, pr, Chem, 56, 93 ; Ann, Pharm, 82, 194; Pharm, Centr, 
1852, 364. — Wien, Ahad. Per, 24. 39 ; J, pr, Chem, 72, 392 ; Cliem, 
Cmtr. 1858, 75. 

Fateh. Compt rend. 22, 724 ; 23, 8, and 244 ; N, Ann, Chim. Phjs, 
26, 108 ; J. pr. Chem. 38, 471. 

Eochleder & Hlasiwetz. Wien. Ahad, Per. 5, 6 ; J. pr. Chem. 
51, 415 ; Ann, Pharm, 76, 338 ; Chem. Qaz. 1851, 121. 

Cafeic acid (Rochleder). Discovered by Pfaff. Tlie latter, on precipitating the 
aqueous decoction of coiFee-beans with neutral acetate of lead, and decomposing the 
precipitate underwater with bydrosulphuric acid, and evaporating the filtrate to a syrup, 
found that it separated into a soluble portion containing caffetannic acid, and an insolu- 
ble portion containing aromatic caffeic acid. Bolle and Rocbleder were unable to 
find the latter- — With caffetannic acid we shall here place, as Rochleder does, Payen’s 
chlorogenic acid separated from the Sel naiurel du ceft or chlorogenate of cafibine and 
potash, whereas Zwenger & Siebert {Ann, Pharm, Suppl 1, 77) regard that salt as 
identical with the kinic acid which they found in coffee Against the latter view must 
be alleged, amongst other statements of Payen, that his Sel naturel contains nitrogen, 

Occurrence. In the beans and leaves of the coffee-tree (Ilandk viii, 
Phytochem. 55), in the leaves of Ilex yyaraguayensis (ihid. 22), and in the 
root of Chiococca ramosa (ibid. 56). 

Bunge's Verdic acid (Grunsaure). — In the root-stock of BcaUosa 
sticma, as well as in many Compositce (Handh, viii, Pk/tochem, 70) in 
Synantharem (ibid. 65) and in Umbelliferm, there is found an acid, form- 
ing, with ammonia, a yellow compound, which turns blue-fiTeen in 
contact with the air. This verdic acid is, according to Runge, 



CAFfETAKNIC ACID. 


505 


characteristic of the above-mentioned tribes of plants ; it exhibits 
some points of resemblance to valerotannic acid (p. 533), also to 
caffetannic acid and riibichloric acid (see lluhian), — The root-stock of 
ScaUosa suemet, after being cleansed, pulverised, and dried, is ex- 
hausted with alcohol; the solution is precipitated with ether; the 
white precipitate is collected and washed with ether, and its aqueous 
solution is precipitated with neutral acetate of lead. On decomposing 
the ]}recipitate under water with hydrosulphuric acid, and evaporating 
the filtrate, the vcrdic acid remains as an amorphous, yellow, brittle, 
and acid mass. The aqueous solution of this verdic acid, if exposed 
to the air without being mixed with ammonia, does not undergo any 
alteration, but if ammonia is present, the solution takes up oxygen 
and turns green ; the same effect is produced, in a less degree iji 
presence of potash or soda. The green compound thus formed, is 
decolorised by contact with zinc-amalgam, and becomes green again 
by contact with the air. From the green solution, acids throw down 
a red-brown precipitate, which dissolves with green colour in the fixed 
alkalis and in ammonia. — The salts of the alkaline earths and heavy 
metallic oxides form white precipitates with colourless verdic acid, 
dark green precipitates with the green variety. Neutral acetate of 
lead precipitates the former yellow, the latter blackish green ; this 
last mentioned lead-salt contains more oxygen than the yellow. 

Pi'eparation of Caffetannic Acid, — Coffee-beans dried at 60® and 
pulverised are exhausted with ether, which takes up fat, caffeine, and 
a small quantity of caffetannic acid ; the residual powder is boiled 
with alcohol of 40 per cent. ; the filtrate is mixed with twice its own 
bulk of water ; the precipitated fat-flocks are separated ; the liquid is 
boiled ; solution of neutral acetate of lead is added to it ; and the 
wdiole is boiled for a few seconds, which causes the precipitate to con- 
tract, and renders it easier to filter. The precipitate is washed with 
wmter containing alcohol, decomposed under water with hydrosulphuric 
acid, and the pale yellow filtrate is evaporated over the water-hath 
(Bochleder). — When the decoction of coffee-beans is mixed in separate 
portions with neutral acetate of lead, the precipitate first formed con- 
tains citric acid, the latter only caffetannic acid. When the aqueous 
decoction is completely precipitated with neutral acetate of lead, the 
precipitate decomposed with hydrosulphuric acid, and the filtrate 
evaporated to a syrup, a mixture of caffetannic acid, with its salts 
and citric acid, is obtained, which yields, with neutral acetate of 
load, a lemon-yellow precipitate, containing acetic acid. An impure lead- 
salt of tills kind is described in Ann, Pharm. 63, 200 (Rochleder). 

See also the preparation of viridic acid (p, 510), and that of the lead- salts (p, 510). 

When Payon’s chlorogenate of caffeine and potash (p. 509) is de- 
composed by an equivalent quantity of sulphuric acid, and the solution 
mixed with pounded marble and evaporated to dryness, alcohol extracts 
from the residue acid chlorogenate of caffeine, the acid of' which may 
be precipitated by basic acetate of lead. In like manner, by precipi- 
tating the alcoholic solution of chlorogenate of caffeine and potash 
with basic acetate of lead, or by triturating the salt with water and 
oxide of load, chlorogenate of lead is obtained, which, in the latter 
case, is retained in solution by help of the potash, and may be precipi- 
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tated by passing carbonic acid into tlieliqi;id. The washed lead-salt, 
decomposed by hydrosulphnric acid, yields aqueous chlorogeiiic acid, 
which, by rapid evaporation, may be obtained as a confused 
crystalline mass. This acid is white ; separates from ite aqticons solu- 
tion by slow evaporation in microscopic prisms, containing 6 (hO p. c. C., 
o’G H., and 38*4 0., agreeing with the formula (calc 5G*7 p. c. C., 

and 5*4 li.) ; and has a strong acid reaction. When heated, it melts, 
turns yellow, chars, and gives off a brown liquid. Its lead-salt contains 
60 p. c. lead-oxide. It is more soluble in aqueous than in absolute 
alcohol. 

Properties of Gaffetaimic Acid, — Brittle mass, which may be rubbed 
to a yellowish white powder; has a slightly sour and somewhat 
astringent taste (Eochleder). 

Rochleder. 

at 100®. mean, 

14 C 84 56-75 50*5S 

8 H 8 5*41 5*54 

y Q 56 37-84 37*93 

WFO? 148 100*00 100-00 

Rochleder formerly gave the formula which requires nearly the same 

numbers. — For Laurent's formula, see Compt, rend, 35, 161. 

Decomposttiom, 1. When caffetannio acid is subjected to dry dis- 
iiUation, the melting mass swells up, and gives off, lirst water, tlien a 
yellowish viscid distillate, smelling like carbolic acid, together with 
oil-drops, and leaves charcoal. The viscid distillate, collected apart, 
solidifies to a ciystalline mass of pyrocatcchin. The acid heated on 
platinum foil gives off an unpleasant odour of acetic acid, burns with a 
bright flame, and leaves a residue of charcoal. Heated in a glass tube, 
it emits the odour of burnt coffee (Eochleder). — 2, The solution in oil 
of vitriol 2 i,smmQ& a blood-red colour when heated, and is decolorised 
and precipitated by water. When aqueous caffetannic acid is boiled 
for several hours with dilute sulphuric acid, it is partially o.xidisod to 
viridic acid (p. 510), but remains for tlio most part nualtered. — 

3. Mifric acid produces in the concentrated aqueous solution a violent 
evolution of gas ; dilute nitric^ acid forms prussic acid and a large 
quantity of oxalic acid, but no peculiar acid (Koclilcder), 

4. On mixing caffetannic acid with a concentratf^d aqueouH solu- 
tion of UchroiMLtc of potash^ the liquid acquires a darker colour, and 
deposits flocks, an additional quantity of which is thrown down by 
acetic acid. — These flocks, after drying in vacuo, contain 33 '34 p. c. 0., 
4*27 H., 41*61 0., and 20*78 GrW (or a quantity of chromic acid ecjuivalent to 
this quantity of chromic oxide) corresponding to the formula C^®lPO®®,20r®0^ 
(Eochleder & Payr.). 

5. In contact with aqueous ammonia^ caffetannic acid absorbs oxygen^ 
and is converted into viridic acid (p, 510). Carbonic acid is prodViced 
at the same time (Eochleder). — 6. Caffetannic acid, mixed with 
poimh-hy, assumes a brown colour in contact with tire mr. Alcohol 
precipitates the resulting potash-salt, partly as a resin, partly as a 
Syrup, which dissolves in water,, after the slightly coloured spirit has 
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been poured off. From this solution, after it has been neiitrahsed with 
acetic acid, neutral acetate of lead throws down a brown precipitate, 
whereas a green precipitate is pi'oduced if the solution has been pre- 
viously boiled (Rochledor). When a moderately concentrated aqueous 
solution of caffetannic acid is mixed with potash-ley till it exhibits an 
alkaline reaction, and left for a week in contact with the air, the liquid, 
\v'hich is brown after the potash has been added, acquires a darker 
colour, and becomes opaqne. The light brown salt, then precipitated 
by neutral acetate of lead, after neutralisation with acetic acid, 
contains, on the average, 28-60 p. c. 0., 2-08 H., 18-10 0., and 
5 1*22 PbO., as requiredhy the formula 4 (C^'H®0®,Pb0) -h2 0^’H®O®,3PbO. 
If the remainder of the alkaline liquid he exposed to the air for 
another 8 days, the lead-precipitate obtained from it is dark brown, 
and contains, on the average, 21-33 p. c. 0., 1-51 II., 16*82 0., and 
60*34 PbO. The latter precipitate is regarded by Liebich as a mixture 
of a basic and a neutral salt of an acid containing according to 

the formula 5 (0^®O^2PbO) + C'^-IPO^PbO (0. Liebich, Ami, Pharm. 
71, 57). — 6. The aqueous solution of caffetannic acid exposed to the 
cwr, in contact with bicarhonate of lime, yields viridic acid, and a black 
product insoluble in acid water, which forms a dark violet compound 
with lime (Rochleder), — 7. From a moderately dilute solution of 
nitrate of silver, it throws dowir a precipitate from which metallic silver 
separates on heating or standing (Rochleder). 

Co7nbinatmis, Caffetannic acid dissolves readily in water, and is not 
precipitated by alcohol even from the syrupy solutioii. It dissolves in 
oil of vitriol, 

Caffetannic acid dissolves in aqueous ammonia, with yellow colour, 
and in strong jpota.sh4ey, with reddish yellow colour, becoming pale 
yellow wdicu the liquid is heated. Its compounds with baryta and 
lime are yellow, and quickly turn green on exposmre to the air, unless 
the acid is in excess (Rochleder. vid. sup.). 

Baryta-salt, — Concentrated aqueous caffetannic acid is neutralised 
with the necessary quantity of baryta-water ; an equal quantity of 
caffetannic acid is added (since the neutral salt would decompose) ; the 
solution is evaporated over the water-hath, and alcohol added by small 
portions towards the end of the process. As soon as the evaporation 
has boon carried so far that a drop of the liquid placed upon a cold 
glass plate becomes milk-white, or throws out resinous flocks, the 
solution is strained through linen into a wanned glass, a few flocks 
then remaining. The filtrate, on cooling, solidifies to a transparent 
colourless jelly, which is to be pressed between linen and paper, and 
dried at 100°. Faintly greyish yellow, earthy mass, containing 
46-29 p. c. 0., 4-57 II., 30*09 0., and 18-45 BaO (Rochleder). 

When baryta-water in excess is added to aqueous caffetannic acid, 
a pale yellow precipitate is fonnod if the excess of baryta is small, 
but with a larger excess, an orange-yellow precipitate is formed, which 
turns green and brown on the filter. 

Lead-salts, — The lead-salts of caffetannic acid d,o not oxidise so 
readily in contact with the airj nevertheless they exhibit a variable 
constitution, and cannot be heated above 100° without change 
(Rochleder). 
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a. WIicii the alcoholic decoction of coffcc-beaus, after being freed 
from fat, is heated to the boiling point, and precipitated with solution 
of neutral acetate of lead, the resulting yellow precipitate, washed with 
alcohol and dried at 100“, contains 25*28 p. c. 0., 2*29 IL, 13*73 0., 
and 58*70 PbO (Kochloder). 

5. A¥hcn a boiling aqueous solution of neutral acetate of load is 
precipitated hy pouring a decoction of coffcc-boans into it by small 
})ortions, a pale yellow gummy precipitate is formed, which, after 
washing with alcohol and drying at 100°, contains 24*73 p. c. 0., 3*4:i II., 
15*49 0., and 57*37 PbO (Eochlcder). 

c. From a concentrated aqueous solution of caffetannic acid, 

aqueous neutral acetate of lead throws down at first a white pro- 
ciptate, which becomes yellow when more acetate of lead is added. 
The first precipitate melts at 100° to a green oil, which then solidifies 
to a brittle resin, and coutains 7 at. acid (accordmg; to Rochlcder’s older 
formula to 4 at. lead oxide. The yellow precipitate contains 

42*44 p. c. C., and 4*16 IL — By precipitating concentrated aqueous 
caffetannic acid with neutral acetate of lead, another salt was once 
obtained, containing 35*34 p. c. 0., and 40*25 PbO. — Anotlicr lead- 
salt accideutally formed, contained, at 100°, 29*88 p. c. 0., 2*43 XL, 
1615 O.j and 51*54 PbO. (Roclileder.) 

d. When dried coffee-beans are boiled with alcohol of 40°, the 
filtr?tte, while still hot, precipitated with neutral acetate of lead, tlie 
precipitate washed with alcohol, and decomposed imder alcohol with 
hydrosulphuric acid, and the filtrate, after being freed from liydrosul- 
phuric acid, poured into an excess of alcoholic neutral acetate of lead, 
the resulting precipitate dried at 100°, contains 25*00 p. c. 0., 2*4 IL, 
16*89 0., and 85*87 PbO., answering to the formula C^'lP*0'^\5X^b0, or 
30'^H®Oh5PbO. (Roclileder.) 

e. When an extract of coffcG-boans, i^repared with cold aqueous 
alcohol is precipitated witli neutral acetate of lead, the precipitate 
decomposed under water by hydrosnlpburic acid, the filtrate evaporated 
to a syrup, tins syrup precipitated with absolute alcohol and iiltercd, 
the filtrate evaporated, and the residue dissolved in watcu*, and frecKl 
from fat by additiorq of a few drops of neutral acetate of l(;ad, — ^ilte 
filtrate, poured into an excess of aqueous neutral ac(!tat,('. of li^ad, forms 
a precipitate which, after washing with cold water, becomes grt^enish 
at 100°. This precipitate contains, on the aven-ago, 28*32 p. 0,, 
2*58 IL, 19*01 0., and 50*09 PbO., and is, therefore, C^’^IP0®S4PbO or 
3C^^IPO^,4PbO. (Eochlcder.) 

/. From tlie alcoholic decoction of the bark of cainca-root, alcoholic 
neutral acetate of lead throws down a precipitate which coutains 
small quantities of caincin and mineral acids, and when decomposed 
by hydrosulphuric acid, and several times fractionally precipitated by 
neutral acetate of lead, yields caffetannatc of lead containing 
40*88 p. c. 0., 4*11 H'., 29*40 0., and 25*66 p. c. PbO. (Eochlcder & 
Hlasiwetz, Wm, JJcact. Ber, 5, 6.) 

y. The lead-salt of caffetannic acid from Ilex paraguayenBk contains 
22*84 p. c. C., 2*20 H., 19*64 0., and 59*32 PbO., answering to the 
foimula C^^IP0b2Pb0. It is obtained by exhausting* the bruised herb 
with alcohol of 40°, mixing the filtrate with alcoholic neutral acetate 
of lead, removing the precipitate as long as it does not exhibit a pure 
;>cllow coloin, and completely precipitating the filtrate. The last 
piecipitate is washed with alcohol, and decomposed under alcohol 
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with hydrosulphiiric acid ; tlio filtrate, after being' freed from sulphide 
of lead and excess of hydrosulphuric acid, is reprecipitated with 
alcoholic neutral acetate of lead ; and the precipitate is washed with 
alcohol and dried at 100''. (Rochleder.) 

Aqueous caffctannic acid does not precipitate ferrous sulphate^ but 
on addition of ammonia, an almost black precipitate is formed, which 
dissolves in acetic acid with bottle-green colour- The precipitate 
contains variable quantities of protoxide of iron; the carbon and 
hydrogen arc in the same proportion as in free caffctannic acid. 
(Kochicdcr.) Aqueous caffctannic acid forms a dark-green precipitate 
with ferric chloride. 

Caffetannate of Copper is obtained from an acid solution as a grey 
salt’ of variable composition, whicli, so long as it remains moist, melts 
at 100° to a green resin, and dissolves with green colour in water 
containing a little ammonia, with blue coloui’ when more ammonia is 
present. The basic copper-salts are green. (Rochleder.) 

Caffetannic acid dissolves in all proportions in alcohol^ even when 
absolute. 


CldoTogenate of Caffeine and Potash. — See page 504 . — When coffee 
powder exhausted with ether is treated with alcohol of 60 p. c., the 
solution evaporated to a syrup, and this syrup mixed with three times 
its volume of .alcohol of 85 p. c., the liquid separates into two layers, 
the upper, which is mobile, containing the greater part of the chloro- 
genate of caffeine and potash. The remaining quantity of this salt 
may be obtained l)y dissolving the lower viscid layer in a small 
quantity of water, mixing it with alcohol, and pouring off the alcoholic 
solution. The united alcoholic solutions are evaporated to a syrup ; 
this syrup is mixed with a little alcohol, and left to ciystallise ; and 
the product is purified by washing and recrystallisation from weak 
spirit. 

.Radiate prisms, united in spheroidal groups. The salt dried at 
100° becomes electric by trituration on the still warm paper, and 
attaches itself in long fiakes to a knife held above it, — It contains 
50‘74 p. c. C., 5*38 H., 9T2 N., and 7*50 KO,, or 63*5 chlorogcnic acid, 
20*0 caffeine, and 7*5 potash. — It does not change at 150°, but melts 
at 185° to a yellow mass, which swells up to five times its original 
volume, but remains solid and friable. At 200° it decomposes, turns 
brown, and gives off vapours whicli “condense to crystals of caffeine ; 
when further heated, it melts again, gives off a largo quantity of 
ammonia, swells up to twenty times its original bulk, and leaves a 
very light iridescent chai*coaL The aqueous solution, when exposed 
to the air, turns yellow and afterwards greenish-brown. It is not 
altered by nitrate of silver, but becomes yellowish-brown on addition 
of a small quantity of ammonia. The mixture, after standing for 
some time, ^becomes turbid from separation of metallic silver. When 
the aqueous solution is mixed with a few drops of ammonia, and 
exposed to the air in a shallow dish, the water and ammonia being 
frequently renewed, it assumes, in the course of 24 hours, first a 
yellow, then a green and blue-green, and ultimately a brown colour. 
If it be evaporated to dryness after 20 or 30 days, anhydrous alcohol 
extracts caffeine from the dark brown residue. — * Oil of vitriol, heated 
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with the salt} colours it dark Tiolet; hydrochloric acid acts in a 
similar mannerj whereas nitric acid produces an orang’c-yellow colora- 
tion. The crystals, gently heated with lumps of potash, assume a 
scarlet or orangc-rcd colour ; and at a stronger heat, the mass melts, 
turns brown, gives off a largo quantity of ammonia, and decomposes. — 
On the preparation of chlorogcnic acid from chlorogenate of caffeine and potash, see 
page 505. 

Clilorogcnatc of caffoino and potash is very Boluhle in water, the 
the hot saturated solution solidifies on cooling. For the decompositions of 
the aciueons solution, see page f)00.— 'It forms a grceuish-ycllow precipitate 
witli neutral acetate of lead, and from the basic acetate it throws 
down flocks of a pure yellow colour. In absolute alcohol it is nearly 
insoluble even when heated ; in ordinary alcohol it dissolves more 
abundantly as the proportion of water is greater, and crystallises from 
the solution on cooling. (Faycn.) 


Viridic Acid. 

Bochleber. Ann, Pkarm, C3, 193. — Wien. Alcad. Bcr. 1, 227; Arm. 

Pham. G6, 38. 

Produced from caffctannic acid by oxidation in presence of aqueous 
ammonia (p. 606) (Bochlcder); under tbe same influences from 
quinovatannic acid (p. 485) (BQasiwetz). 

Preparatw?i. — 1 . When the alcoholic decoction of dried and pulverised ' 
coffee-beans is mixed with water to separate fat, the filtrate heated to 
the boiling point with neutral acetate of load, and the precipitate 
decomposed under water with hydrosulplmric acid, aqueous caffetantiic 
acid is obtained, which, when supersaturated with ammonia, assumes 
a colour varying from dark yellow to red brown, and changing in con- 
tact with the air to greenish yellow, and after 30 hours, to bhic-green. 
To prepare viridic acid, the blue-green liquid is mixed Avitli excess of 
acetic acid, then with alcohol, which tlirows down black flocks, of a 
compound similar to metagallic acid, which is fin’iiuxl at the sinne time 
[but not necessarily, according to RoeWeder (Wim, Aked. Ber. 1, 227),] “-“the 
liipiid is tlieii filtered, and the brown filtrate precipitated with nentra! 
acetate of load. — 2. When the aqiiooim extract of cofree-hoatiR, pn?- 
viously exhansied with alcohol, is precipitated at the boiling hia:it with 
neutral accd;ato of lead, — the yellow precipitate decomposed uiulm’ 
alcohol with hydros ulphuric acid, and the filtrate, aft(M* being freed 
from excess of hydrosulphuric acid, supcrBaturat(‘.d witb, ammonia, 
exposed to the air for 24 hours — and then mixed with 2 voL alcohol 
of 40% a groenish-hluc precipitate is formed, which, wlien waslKHl 
with, alcohol containing acetic acid, then dissolved in acetic acid and 
precipitated with neutral acetate of lead, yields viridate of lead 

By decomposing the load-salt with aqueous hydrosulphuric acid, 
and removing the sulphide of lead, aqueous viridic acid is obtoined 
as a brown liquid, which, when evaporated, leaves a brown amorphous 
mAss. , Tb's substance dissolves easily in water^ with fine carmine 
colour in oil of rntriol^ and is precipitated therefrom in blue flocks by 
water. 
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Aqueous viridic acid assumes a dark green colour wlien mixed with 
ammonia^ potash or soda. Baryta-water precipitates it in blue-green 
flocks, which, after washing with alcohol and drying at 100°, contain 
43*15 p. c., baryta, as required by the formula CI^^I[®0^2Ba0 (calc. 
43'46 p. c. BaO). 

Lead-salt. — - For the preparation, page 510. Greeu-blue or indigo-bliie 
precipitate. 


a. at 100®. 

Bochleder. 

h. at 100®. 

Rocbleder* 

14 C 

.. 32*61 

.... 31*77 

14 C 

.. 31*51 

.... 31*37 

6 H 

2*33 

.... 2*33 

7 H 

2*63 

... 2*81 

7 0 

.. 21*75 

.... 21*15 

8 0 

24*01 

.... 23*95 

PbO 

43*31 

.... 44*75 

BbO 

.. 41*85 

.... 41*87 

C’-'HW.PbO ... 

100*00 

.... 100*00 

C»HW,PbO ... 

.. 100*00 

.... 100*00 


prepared hy 1 ; by 2. 


Cuprous Yiridate. — From the mixed solutions of cupric acetate and 
quinovatannic acid (p. 485), alcohol throws down dirty green flocks, 
which dissolve in boiling water : potash added to the cooled solution 
throws down cuprous hydrate. These green flocks consist of cuprous 
viridatc (Hlasiwetz, Wien. AJcad. Ber. 6, 271). 

at 100®. 

56 C 336 .... 45*07 

34 H 34 .... 4*56 

39 0 312 .... 41*86 

2 Cu 64 .... 8*51 

4C^‘iHS02,Cu20 + 2aq 746 .... 100*00 100*00 


Hlasiwetz. 
. 44*73 
. 4*77 

. 41*83 
. 8*67 


Hlasiwetz examined also another copper-salt, the composition of 
which approximated to the formula 2G^*H®0®,Cu'*0,H0. 


F . — Isolated Tamic Adds (arranged AlphaUticalhj). 

1. Anacahuita-tannic Acid. 

L, Muixek. Pliarm. VierteJJ. 10, 519. 

Found in anacahulta-wood, a Mexican drug. — It is obtained as a 
lead-salt from the decoction of the wood or the hark, by precipitation 
with neutral acetate of lead, and purified by dissolving it in acetic acid, 
and precipitating the flltrato with ammonia. The lead-salt dried at 
100°, contains, on. the average, 18'72 p. c. carbon, 2*41 hydrogen, 
15*70 oxygen, and 63*17 protoxide of load, answering to the formula 
3 PPO, — The aqueous solution of the tannic acid, separated 
from the lead-salt hy hydrosulphuric acid, has a rough and somewhat 
bitter taste, forms a greenish black precipitate with ferric chloride, and 
brown with solution of gelatin. 
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2. Aspertannic Acid. 

QUJPQB q 


R. ScHWAUZ. Wwi, Akad. Ber, C, 44G ; J,p\ Gliein. 55, S98; abstr. 

Ann. PJiarm. 80, 334; Pharm. Centr. 1851, 929; Chem. Gaz. 1852, 

61; Lieh. Kopp. Jahresber. 1851, 417. 

Occurrence. In tlic herb of Asperulct odoraia (Schwarz), — According 
to Yielguth (who, however, did not compare the true aspertannic acid 
with that which he obtained), it occurs also in the herb of Galktm 
MoUugo (see below). 

Preparation. 1. Tlic alcoholic extract of the herb is distilled to expel 
the alcohol ; the residue is mixed with water ; the filtrate precipitated 
with neutral acetate of lead ; the washed precipitate is dissolved in 
dilute acetic acid ; the filtered solution is mixed with absolute alcohol 
till grey flocks are precipitated ; these are removed; and the filtrate is 
completely precipitated with absolute alcohol : the precipitate consists 
of the lead-salt a . — If tlio filtrate be precipitated with basic acetate 
of lead, — the precipitate washed with alcohol, decomposocl with hydro- 
sulphhric acid and alcohol, and the solution, freed from sulphide of 
lead and hydrosulphuxic acid, be mixed with neutral acetate of lead, — 
a precipitate is obtained, consisting of the salt b. — 2. The aqueouH 
decoction of the herb is precipitated with neutral acetate of lead, the 
washed precipitate is dissolved in acetic acid ; and the salt c is precipi- 
tated partly from the solution by basic acetate of lead, partly from the 
liquid filtered therefrom, by the neutral acetate. 

The acid is separated from the lead-salts by decomposing them 
with hydrosulphuric acid, and evaporating the filtrate in a stream of 
carbonic acid. 

Properties. Inodorous mass, liaving a faint brown colour. V(‘ry 
hygroscopic. 

at 100®. 11. Schwaw. 

14 C 84 50*90 51-08 

9 H 9 5*45 5*19 

9 0 72 43*65 43*75 

165 100*00 ........ 100*00 

So according to Schwarz. — According to Laurent, it is perhaps 
2cnHWOW (riibichloric acid) + _ 6HO (CompL rend. 35, 161). 

Pecomposiiions. When the acid, neutralised with potash and 
thereby coloured brown-red, is exposed to the mV, it takes up oxygen, 
becomes darker, and ultimately black-brown and opaque. If tlien 
mixed with acetic acid and neutral acetate of load, separated by 
filtration from the slight red-brown precipitate thereby formed, and 
further precipitated with basic acetate of lead, it yields a red-grey 
lead-salt, which, after washing with alcohol and drying at 100% con- 
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tahiB 8‘G9 p. c. 0., 0*83 XL, 8-18 0., and S2Pl)0, therefore, accordinp; 
to Schwarz, = G^«IP«0%18Pb0 or rz 3Ci^-IP0^5I10,18Pb0. — The 
green solation of cupric carbonate in aqueous asportannic acid forms, 
with alcohol, a g’rcen precipitate, wliich, after washing with alcohol 
and drying at 100°, contains 33*98 p. c. cuprous oxide, and after 
deduction of this, 38*88 p. c. 0., 5*43 IL, and 55*69 0. : hence Schwarz 
supposes tliat the oxidised tannic acid in the green precipitate = 
(calc. 38‘88 C., 5*55 H., and 55*57 0.), — Nitrate of silver oxidises 
aspertannic acid, with separation of metallic silver. — Aspertaiinic acid 
is decomposed by boiling with dilute hydrochloric or sidplmric acid. If the 
neutralised solution be boiled till it no longer alters the colour of ferric 
chloride, the whole of the sulphuric acid then precipitated with basic ace- 
tate of lead, and more of that reagent added to the filtrate, a light yellow 
precipitate is formed, which, when washed with alcohol and dried at 100°, 
contains 23*06 p. c., 0., 1*48 H., 10*52 0., and 64*94 PbO., and, accord- 
ing to Schwarz, may be represented by the formula C®“JE[®^0^\9Pb0 or 
5Qi2jp404JP0,9Pb0 (calc. 23*11 C., 1*34 H., 10*91 O., and 64*64 PbO). 

Aspertannic acid dissolves very easily in water. — It does not pre- 
cipitate tartar^emetic. 

_ Aspertannate of Lead. — Preparation, see above. The salts must be 
dried at 100°, at which temperature they do not turn green. 


a. b. 


5G C 

,. 25*79 

. 25*85 

28 C 

... 26*34 ... 

26*23 

33 H 

.. 2*53 

. 2*50 

15 H 

... 2*35 ... 

2*48 

33 0 

.. 20*29 

. 20*68 

15 0 

.... 18*83 ... 

18*90 

6 PbO . 

... 51*39 

.. 50*97 

3 PbO 

.... 52*48 ... 

52*39 


100*00 

. 100*00 


100*00 ... 

100*00 



c. 


Schwarz, 



56 C 


20*86 

. 20*69 



30 H 


1*86 

. 1*83 



30 0 


14*99 

. 15*47 



9 PbO.. 


62*29 

. 62*01 





100*00 

100*00 



Schwarz resolves these formulae as follows: « into 4C^W0^6Pb0 + aq. ; into 
2CiTi70b3Pb0 + aq. ; c into 4C»H70b3PbO ^ 2aq. 

Aspertannic acid forms a dark green precipitate with aqueous ferric 
chloride. — It is insoluble in alcohol., sparingly soluble in ether, and docs 
not precipitate white of egg or solution of gelatin. 

Aspertannic Acid from Galium Mollugo. — Obtained as a lead-salt 
from the aqueous decoction of the herb, by precipitating with neutral 
acetate of lead, dissolving the precipitate in acetic acid, and precipi- 
tating the filtrate with ammonia. — The acid separated from the lead- 
salt hy hydrosulphuric acid has a slight brownish yellow colom*, is in- 
odorous, and has a slightly sour, astringent taste. It precipitates/eme 
chloride, dark green, and is but partially precipitated by neutral acetate 
of lead ; completely by the basic acetate. — The lead- salt, chied at 110°, 
contains, on the average, 21*71 p- c. 0., 2*23 IL, 17*93 0., and 58*13 
PbO, answering to the formula 4PbO, 20^*lL®OyiO (calc. 21*89 C., 2*21 H,, 
17*72 0„ and 58*18 PbO). (Vielguth, Pharm* Viertelj. 5, 198). 

VOL. XT. 2 L 
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3. Atherospermatannic Acid. 

Zbxer. Pharm, Yiertelj* 10, 511. 

In tlie bark of Atlwrosperma mosohatimi^ a Sontli American clnig\ — 
The decoction of the bark clarified by several days’ rest js precipitated 
with neutral acetate of load, the washed precipitate is dissolved in 
acetic acid, and the filtrate is precipitated by ammonia. The lead-salt 
thus prepared, and dried at 100°, contains, on the average, 31*39 p. c. 0., 
8'67H., 8‘05 0., and 5G*89 PbO., answering to the formula C*°IPOS2'FbO. 
If the dirty yellow precipitate formed in the aqueous extract of the 
bark by neutral acetate of lead be decomposed under water l)y hydro- 
sulphuric acid, the light yellow filtrate exhibits an acid reaction, tastes 
slightly astringent, turns ferric chloride green, and is precipitated in 
flocks by excess of lime-water. 


4, Callutannic Acid. 

ewH'^On 

Eoohlebee. Wim, Ahad. Ber. 9, 286 ; J. pr, Chem. 58, 189 ; Ann. 

Fharm. 84, 3545 Pkarm, Cmtr, 1852j 750 5 Chefn. Gcijs;, 1852, 400, 

Occurs in Calluna vulgaris. 

Preparation. The alcoholic docoction of the comminuted plants is 
freed from alcohol by distillation ; the residue is mixed with water ; 
the filtrate is precipitated with neutral acetate of load ; tlio washed 
precipitate is treated with very dilute acetic acid; and tlic filhu'cd 
solution is precipitated at the boiling heat with bfisic acctat(5 of 
whereby a chrome-yellow precipitate of callutanuatc of lead is pro- 
duced. On decomposing this precipitato under waho' witii hydro- 
sulphuric acid, heating the li(piid together \Vitli the Hiili>hid(‘, of Icai.d to 
the boiling point, and evaporating tin; filtrate ovtu'achlodtlo-or-eaj(‘-ium 
bath in a stream of caibonic acid, callutamdo acid roinains belslnd, iml 
may be dried in vacuo over oil of vitriol. 

Amber-yellow, inodorous mass. 

Kocljilcder. 

14 C 84 5P53 5P09 

7 H 7 4*30 ....... 4‘5B 

9 0 72 44-17 43-73 

163 ........ 100-00 100-00 

^ Callutannic acid reduces nitrate of silver. aqueous Sfdution heated 
with mineral acids^ assumes a reddish yellow colour, and yields yellow 
flocks of ValluxantJm, which, after drying at 100% contains 58*07 p. c. 0., 
3*77 H., and 38*16 0. « 57*93 p. c. 0., 3*45 li, and 38*62 0.), and, 

according to Roohleder, is produced from callutannic acid by elimina- 
tion of 2 at. Water. The alkaline solution of this substance readily 
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absorbs oxygen, and is then precipitated in red-brown flocks by acids. 
It is soluble in alcohol. 

Stannic Gallutminate, — Warm aqueous callutannic acid added to a 
solution of stannic hydrochlorate, throws down a beautiful egg-yellow 
precipitate, soluble in excess of the tin-salt. 



at 100°. 


Rochleder. 

2S C 

.... 168 

.... 19-33 .. 

19-20 

16 H 

.... 16 .... 

.... 1-84 .. 

2-37 

20 0 

.... 160 

.... 18*42 .. 

18*40 

7 SnQs 

.... 525 

.... 60-41 .. 

60-03 

2CiW0S,7Sn02 + 4H0 

.... 869 

.... 100-00 .. 

100-00 


Calhtannate of Lead , — Preparation, p. 514. Obtained by double decom- 
position. 


a. 

at 100°, 

Rochleder. 

h. at 100°. 

Rochleder. 

28 C 

19-18 

.... 19*01 

42 C 

.. 18*34 

.... 18*21 

13 H 


.... 1*68 

20 H 

.. 1*45 

.... 1*55 

17 O 

15-54 

.... 15*37 

26 0 

.. 15-15 

.... 15*07 

5 PbO .... 63-80 

.... 63-94 

8 PbO .. 

.. 65*06 

.... 65*17 


100-00 

.... 100-00 


100-00 

.... 100*00 


Rochleder resolves the formula a into '2C^‘‘H*'0^,5PbO + aq^. into 

6PbO -1- 2aq. 

Callutannic acid colours ferric salts green. — Aqueous caUutaimio 
acid, heated to the boiling point with stannic hydrochlorate and a 
small quantity of hydrochloric acid, dyes woollen cloth mordanted with 
alum, sulphur-yellow to orange. 


5. Catecliutaniiic Acid. 

Nees V. Esenbeck. jRepert. 33, 1G9 ; 43, 340. 

Berzelius. Lehrhich^ 3 Aufl. 6, 250. 

Delffs. Jahrh.pr. Fharm, 12, 1G4. 

Stenhouse. Ann. Pliarm. 45, 18. 

Stuecker. Ann. Pharm. 90, 375. 

NnuBAUEit. Ann. Pharm. 96, 337. 

Eogarded as a distinct substance by Necs v. Esenbeck and 
Berzelius, but not known in the pure state. —■ Occurs in catechu, an 
extract prepared by boiling the wood of Acacia Catechu and Uncatia 
Ganibir. On catechu, see also the latest statements of Saco [Cowjpt, rend. 53, 1102), 
which, however, are in opposition to those of Neubauer. 

Oatechutannic acid is a product of the decomposition of catechin 
(xii, 387), not the substance from which the latter is formeds If, as 
Berzelius recommends, a very concentrated aqueous extract of catechu, 
prepared in the cold, be nuxed with strong sulphuric acid, only a small 
yellowish precipitate is obtained, which cannot be separated by 
filtration j and as sulphuric acid likewise precipitates catechin from 
aqueous extracts prepared with md of heat, it follows that Berzelius 
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must have oxamined a mixture of catooliin and cai.odiritnamin aekl 
(Ncubauer). — When (aceordlug to Bcriiclins and Dt^lffs) fmely jiuD 
verised Bombay catcclui is exhausted with ether, the etluaxial extra, ct 
does not separate into two layers ; but, by evaporation in vacuo, or 
over the water-bath, a browmish mass is obtained resembling gallo- 
tannic acid. This mass, dissolved in a small quantity of waten', 
evaporated over the watci'-bath till the ether evaporates, and sopaixded 
by nitration from green flocks, deposits needles of catecliin, wliicli 
substance is not produced, as Delfts supposes, from the catcclmtaiiuic 
acid, but exists ready formed in the extract. 

On agitating an ethereal extract of catechu with water, separatiug 
the ethereal solution, evaporating it to dryness, dissolving the residue in 
water, and leaving the catechin to crystallise out, a mother-liquor is 
left, containing catecliutannic acid in the highest degree of purity 
attainable. If this liquid be precipitated with sulphuric acid, the pre- 
cipitate washed to a certain extent with sulphuric ackl, then ])rcsscd 
and boiled for several hoiu’s with dilute sulphuric acid, it dissolves at 
first, and then deposits brown flocks, till at length the solution retains 
only a faint red tint. At this stage no sugar can ho detected in the 
solution (Neubauer). Strecker believes that he obtained sugar in this 
manner. 

When aqueous catechin, which docs not precipitate solutimi of 
gelatin, is boiled for three hours in an open dish, the solution ac(piir(.‘B 
a yellowish brown colour, and becomes turbid. If it bo then (waporated 
to dryness, and the residue taken up with water, tlic solution tlum 
forms a very copious precipitate with gelatin; neverthedoss, the 
catechin is not completely converted into catechutannic acid. (Nou- 
bauer; see also xii, 390). 

Stenhouse’s catechutannic acid is insoluble in water, whether cold 
or boiling, also in alcohol and ether, and only partially soluble in 
alkaline hquids. It is precipitated by sulphuric acid, coloured dark 
brown by boiling dilute sulphuric acid, and precipitates iron-salts olivo- 
hrown. It does not yield either pyrocatcchin or pyrogallic acid by <lry 
distillation. Dclffs’ catechutannic acid (contamiiiatcd with catocliiil) 
deliquesces to a syrup with water; it decomposes qni<;kly wlieii dis- 
solved in alkalis; forms with bichromate of |,>otaHh a brown precapiiato 
insoluble in ether, with feme salts a dirty green predpitatt^, an(l is 
completely precipitated by solution of gelatin. 


6. Cissotannic Acid, 


WiTisTEiN. BepeH. 106, 817; Pharm. Cmitr. 1847, 7dl.—Pharm. 
VkrtelJ. 2, 161. 

The coloui'ing' matter of the leaves of Yitis hed&'aeea I'oddoncd in 
autumn. , 


Prq>aratwi. The leaves ffathcroil in An^uHt aro diKowted for 
24 hours with alcohol of 80 per cent., the tincture is aoparatod fmtn 
f stored, mixed with } water, mid the alcohol 

distilled o£l% Ihoiesiduo evaporated to an extract) then tix)atcd wntli 
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cold water, yields a dark-red solution, whilst a crimson powder, 
Wittstein’s altered cissotainiic acid, remains behind. On filtering the 
liquid from this precipitate, and precipitating the filtrate with solution 
of neutral acetate of lead, there is produced, first a lighter-coloured, 
then a green, and finally a greenish yellow precipitate, which, when 
washed with water (but not completely, otherwise it will decompose), 
forms olive-green cissotannate of lead a, — If the liquid, after pre- 
cipitation with neutral acetate of lead, be mixed with acetic acid till 
the grass-green precipitate has again acquired a lighter coldm', and 
the supernatant liquid has become reddish, cissotannate of lead h 
remains undissolvod, wdiilst the filtrate, after standing for some time, 
deposits flocks, and after these are removed, yields, with neutral 
acetate of lead, the olive-green lead- salt c. 


Lead-salt. Lead-salt. 


a. 


Wittstein. 


b. 

Wittstein, 

120 C 

25-67 

.... 25-98 

120 C 

32-05 

... 31-17 

75 H 

2-67 

... 2-40 

75 H 

3-34 

... 3-01 

N 

0*30 

.... 0-50 

N 

0*62 

... 0-61 

96 0 

27-38 

.... 27-77 

96 O 

34-18 

... 34-.56 

11 PbO 

43*78 

.... 43-35 

6 PbO.. 

29-81 

... 30-65 


100-00 

.... 100-00 


100-00 

.... 100-00 


The nitrogen is present as ammonia — a =. llPb0,6C-®H^*0^'^ + NH3 ; h ~ 
6(Pb0,C2'^H^20^®) + c contains from 36*4 to 37'5 p. c. lead-oxide. So accord- 
ing to Wittstein. 

Insoluble or unalte/i'Qcl Cissotannic Acid. — The portion of the alcoholic 
extract obtained m the preparation of cissotannic acid, which is insoluble 
in water. 

Dense, dark-brown, shining, non-friable mass, having a slightly 
bitter, astringent taste. 

Wittstein. 
mean; a/ 110°. 

156 C 56-25 55-91 

90 H 5-41 5-41 

N 0-84 0-84 

78 0 37-50 37-84 

I 100-00 100-00 

« 3(C*’-II‘®0"b3H0) + NID. Contains the nitrogen as ammonia, and 0'31 p, c. ash, 
which has not been deducted. (Wittstein.) 

Ohars quietly when heated. — Dissolves with dark broivn-yollow 
colour, in ammonia^ aiul is precipitated tlLcrc3from by acids. 

Lead-compounds. — a. By precipitating the dilute alcoholic solution 
with neutral acetate of load. Olive-green, pitch-black after drying, 
— h. By precipitating the alcoholic solution with an insufficient 
quantity of neutral acetate of lead, treating the precipitate with a 
small quantity of acetic acid, then washing and drying the undissolved 
matter, a contains 3G*01, h 16-05 p. c. lead-oxide. (Wittstein.) 

Altered cissotannic acid forms a dark-green precipitate, with an 
alcoholic solution of Jerric chloride ; flocculcnt precipitates with tartar- 
emetic and gelatin-solution. 

In alcohol of 60 80 p. c, it dissolves easily and with blood-red 

colour. 
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7. Cocatannic Acid* 

Alb. Niemanist. Dissert, uber erne Base in clen Cocallattcrn. Gbtiincjen^ 

1860. 

Observed by Wackenroder (iV. Br, Arch, 75^ 26), and Gacdcke {N, Br. Arch. 
82, 14I), 

When coca-loaves are cxhatistod with alcohol containing' snlplnxric 
acid, for the preparation of cocaine, the tincture clig-estcd with liydrato 
of lime and filtered, the filtrate ncutolised with Rulplniric acid, and 
the alcohol distilled off, carhonate of soda throws down the cjocainc, 
which may be removed by shaldng up the alcoholic sohition wit,h 
ether, the cocatannic acid then remaining in solution. Tin? rcnnahulor 
of the ether is driven off, the liquid neutralised wdtli dilute- sulphuric 
acid; this acid removed by nitrate of baryta, and the excess of baryta 
by carbonate of ammonia ; and the liquid, after neutralisation, pre- 
cipitated by neutral acetate of lead. The washed pn^cipitato d(icom- 
posed underwater by liydrosulplmric acid, yields, afhu' the sulphide 
of lead has been separated by filtration, an aqueous soluijon, of 
cocatannic acid, having a yellow-red colour, acid reaction, and slightly 
astringent taste, and leaving when evaporated, a brown-rod, arnor|)hous, 
hygroscopic mass. The cocatannic acid, thus prepared, still retains ji 
small portion of alkali. — Part of the acid remains dissolvcKl in the 
liquid filtered from the cocatapnate of lead, and maybe precipitatiMl 
therefrom by basic acetate of lead, but when separated hj liydro- 
sulphuric acid from the lead-salts, it is contaminated with nitric acid. 

The acid, heated on platinum-foil, melts, swells up, gives off an 
empyrenmatic odour, and leaves charcoal. — It reduces chromic acid to 
chromic oxide, precipitates cuprous oxide from ^^otassio-aupric tartrate, 
and metallic gold from auric chloride. — It forms a deep rod pr( 3 cipitato 
with aqueous alhalts-, throws down from acetate of ha:n/1a a precipitate 
soluble in acetic acid; from tartar-emetic, brown flocks; from mmiurous 
and mercuric nitrate, dingy yellow precipitates, but docs not prcicipi tato 
mercuric chloride. It colours sesquicldorkh of iron l)rDwti-grc<||i, and pre- 
cipitates white of egg, but not gelatin-solution. 


8. Euphmsiataimic Acid. 

Enz. Pharm. Yiertelj. 8, 175. 

In Euphrasia Officinalis. — The fresh plant is macerated with, water 
for a day, then boiled and pressed, and the filtrate precipitated by 
neutral acetate of lead. The precipitate, after being washed, is dis- 
solved in acetic acid, and the solution, filtered from sulphate arid 
phosphate of lead, is neutralised with ammonia, whicli throws down 
siskin-green euphrasiatannatc of lead, which is wash(;d and dried, 



GALITANNIC ACIDi 


519 


Enz. 

Calculation according to Enz. at 100°; mean. 


32 C 

192 ... 

28*07 ... 

27*92 

20 H 

20 ... 

2*.92 ... 

3*01 

17 0 

136 ... 

19*89 ... 

19*73 

3 PbO 

336 ... 

49*12 ... 

49*34 

C32H20Ol?,3PbO ... 

684 

100*00 ... 

..... 100*00 


9. Tannic Acid from Fruits. 

Buignet. N. Am. Cliirn. Pliys. 61, 280. 

Known only in combination with iodine. — Occurs in nnripe apples, 
pears, and other fruits, disappearing as the fruit ripens and the pro- 
portion of sugar increases. — When the juice of a fruit containing this 
tannic acid is mixed with starch, and iodine is dropped in, no iodide of 
starch is formed till all the tannic acid has been conyerted into the 
iodine-compound. 

Preparation of the lodine-eompiound. — The expressed and filtered 
juice of green apples, mixed with tincture of iodine as long as the 
colour of the iodine is thereby destroyed, yields, after a few seconds, 
a brown precipitate, which must be washed with large quantities of 
water. 

Yellow amorphous powder, containing 43*0 p. c. 0.^ 3*3 H., 16*17 L, 
about i p. c. N., and 3 p. c. ash. 

Tho compound is decomposed by boiling with dilute acids, with 
formation of dextro-glucose. — It is insoluble in water ; after it has 
been boiled for a quarter of an hour, the filtrate does not reduce 
potassio-cupric tartrate. Insoluble in alcohol. 


10. Galitannic Acid. 

QUJJSQIO? 

K, SOHWAUZ. Wm.Alcad. Per. 8, 26 j Ann. Pham. 83,67? /, pr. 

Clmn. 68, 126. 

Occurrence. In the herb of Galium verum and G. aparine. Known 
only in combination with water and oxide of lead. 

The aqueous decoction of the herb is precipitated with neutral 
acetate of lead; the precipitate (containing citric, tannic, and inor- 
ganic acids) is removed; the filtrate is precipitated with basic acetate 
of lead- the precipitate decomposed with hydrosulphuric acid; tho 
liquid filtered from the sxilphidc of lead is precipitated with neutral 
acetate of lead, to remove the excess of hydrosulphuric acid and any 
citric acid that may still be present ; and tho liquid filtered therefrom 
is treated with basic acetate of lead, whereby a precipitate of a fine 
yellow colour is obtained, which, when decomposed under water by hy- 
drosulphuric acid, yields aqueous gaUtannic apid, havnig a rather bitter, 
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astringent taste ; and acquiring a brown coloiTi* when treated with 
ammonia and the fixed alhalis. It oxidises when the lead-salt is dried 
at lOOh 


Galitamiate of Lead. — Galitannic acid scarcely ])recipita,tes ncntrnl 
acetate of lead, but forms, with the basic acedato, a precipitate of a 
line yellow colour, obtained as above described ; it exhibits the com- 
])Osition a; I is obtained in a different way ; both are dricnl at 100". 



a. 

Schwarz, 

70 C 

.. 17-84 ... 

17-05 

45 H 

.. 1-91 ... 

..... 2-01 

55 O 

,. 18-69 ... 

18‘43 

13 PbO ... 

61-56 ... 

61*91 



h. 

Schwarz, 

28 C 

12-06 ... 

12*08 

21 H 

1*43 ... 

1-53 

25 0 

14-44 ... 

14-53 

9 PbO ... 

. 72-07 ... 

71-86 


100-00 100-00 100-00 100-00 

•Schwarz resolves the formula a into 3(C^'n-FO”,3PbO) -1- 2(C^'TFO*b2PbO), aiitl 
h into 2(Ci‘qi«0^2Pb0) + 5(PbO,HO). 

Galitannic acid changes the colour of ferric k/drochrafx to a hue 
green, and forms a dirty brown precipitate with cupric acetate* 


11. Gardeniatannic Acid. 


M. V. Orth. Wten. Akad. Bei\ 13, 509 *, J. pr. 0/iem. 64, 10 ; Pkarm* 

Centr. 1854, 897. 

Occurrence. In Chinese yoBow pods or Wongski, the fruit of 
Gardenia grandiflora^ proceeding, according- to JcBscn(Tfi6w. AhadiBer. 
14, 249), from a rubiaccous plant. 

Frqiaration of the first Tannic .4 c/d— The bruised pods are exhausted 
with alcohol of 40° ; the extracts arc evaporated in a str(!a,in of car- 
bonic acid; the oil, which separates on cooling, or on addition of water, 
is removed by means of a wot filter; and the redilish yidlow hlti'a.l(^ is 
precipitated with solution of neutral acetate of lead, wlierehy c-olonring 
matters and the first tannic acid are precipitated. (This mrvm for 
the preparation of chlororubin.) Thc prcc-ipitate iS dccompoHCd mulci* Witter 
by hydrosulplmnc acid; thc sol utiou containing tins first tannic utdd 
and a little colouring matter is filtered from tlie sulphide of Icutd, whieJi 
retains a portion of thc colouring matter, and again precfipiint/tul with 
neutral acetate of lead; and this precipitate is also decorn|)OHe<l with 
liydrosulphuric acid, the sul})hidc of lead then r(d;aining tiui wlush^ of 
the colouring rnati.er, and a filtrate being obtaintMl, wlucli, by evitporu,- 
tiou in a stream of carbonic acid, and di'ying in vacuo, yiahXs the lh*Ht 
tannic acid. 

On boiling the sulphide of lead with alcoliol of 40°, the colouring 
matter is dissolved, and remains as a darkrcddlBh-ytllow Byrup, wlnm 
the alcohol is distilled off in a stream of carbonic acid, and tlie residue 
dried in vacuo over oil of vitriol From this Byruj) ctlu*]- extracts a 
substance which, when the ether is evaporated and thc rcjsiduo treated 
with water, remains as a reddish yellow resinous colouring insolu* 
ble in water. The residue, boiled with alcehcl which removes a siimll 
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quantity of yellow colouring matter, then dried at 100°, is the yellow 
amoTjphoiis colouring matter of v. Orth. 

Preparation of the second Tannic Acid . — The yellow pods, after 
exhaustion with alcohol, are boiled with water; tlie extracts are con- 
centrated ; a jolly ])recipitated tlierefrnm by alcohol ; this jelly col- 
lected on linen ; and the filtrate precipitated with neutral acetate of 
lead. The precipitate is treated with a small quantity of acetic acid; 
the insoluble portion separated by filtration ; and the solution freed 
from lead by hydrosulphuric acid. The solution filtered from the 
sulphide of lead, and evaporated over the water-bath, leaves the 
second tannic acid, which must be dried at 100°. 


Properties. The first tannic acid is a brown-yellow amorphous 
mass. 


First Tannic acid. v. Orth. 

46 C 47-26 ........ 47*47 

36 H 6-16 6-22 

34 O 46*58 46*31 


Second Tannic acid. v. Orth, 

46 C 52*98 52*67 

29 H 5*56 5*81 

27 O 41*46 41*52 


C^WW... 100*00 100*00 C‘‘6H2W... 100-00 100-00 

After deduction of ash. — The first acid contains, according to v. Orth, 8 at., the 
second 1 at. water ; this he infers from the composition of the lead-salt 


Lead-salt of the first Tannic Acid. — Prepared by precipitating the 
warm solution of tlie acid with basic acetate of lead, then washing 
and drying at 100°. 


46 C 

276 .... 

.... 23*3 ..., 

V. Orth. 
22*89 

28 H 

28 .... 

.... 2*3 .... 

.... 2*34 

26 0 

208 .... 

.... 17*7 .... 

17*38 

6 PbO 

670 .... 

.... 56-7 .... 

.... 57*39 


C46H38026,6Pb0 1182 ........ 100-0 100-00 

After deduction of the lead-oxide, = (v. Orth). But he appears to 

have forgotten that the ash may have passed into the lead-salt. (Kr.) 


^J'liO first tannic acid colours ./tw/c hydrochlorate green. 


12. Hederic Acid and Hederitannic Acid. 

PossKin\ Ann. Pharni. 00, C2 ; Pharni. Centr. 1849, 257 ; Cheni, Gaz, 
’l841), 92, 

In the seeds of ivy (fledera Helix) 

a. Hederic — The fresh pulverised seeds are freed from fat by 
ether ; the residue is repeatedly boiled with alcohol ; and :|th of the 
alcohol is distilled off from the tinctures, the impure acid then 
separating from the residue. It is difficult to purify, and was only 
onco obtained pure l>y gradual deposition from an ether-alcoholic 
solution. 
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Soft, white, slender needles and laminjc, which give off 5-4 p. c. 
water at 100° (2 at.! = G-25 p.^c.). InodoamB. Has a very 
irritating taste, and slight acid reaction. 


30 C 

180 ... 

66-66 

PoHSClfc. 

mean, 

66-45 

26 H 

26 ... 

9-G3 

9-45 

8 0 

64 ... 

23-71 

24-09 

C3l)J0[2fiO8 

270 ..., 

100-00 

100-00 


As the atomic weight has not been determined, the formula cannot be culcuktcd 
with certainty. (Kr.) 

Docs not melt when /mied, but gives off a pocaliar aromatic odour, 
and leaves charcoal. Dissolves witli si)lciidid purple (ioloiir in od of 
vitriol, 

InHolublo in loater, — The acid expels carbonic a(‘.id from (airbouates. 
and forms, with ammonia, potash, bjiiyta, and lime, amorplious 
gelatinous sate, which dissolve in alcohol, but arc nearly or quite in- 
soluble in water. 

From the alcoliolic ammouia-salt, mtrtde of ,nlver throws down, a 
white precipitate, wliich dissolves in boiling akjohol, and separaU,is in 
the crystalline form on cooling. 

Hederic acid is soluble in cdcohol, but insoluble in ether, 

h Eederitarinic Add, — Epheu^erhaure. — Obtained from ivy-soods, 
exhausted by successive treatment with ether and alcohol (for the pre- 
paration of hederic acid) by boiling with water. The decoction is mixed 
with acetic acid and neutral acetate of lead ; the precipitate removed ; 
and the filtrate precipitated with ammonia. The fine yellow prccii>itate, 
after being but slightly washed (as it is soluble), is aecompoBod under 
water with hydrosulplimic acid, and the solution filtered from the 
sulphide of lead is evaporated; it then leaves tlic acid, but in an 
impure state. 

Inodorous, amorphous, acid mass, whoso afpieons solution bo(‘/>nK»s 
coloured during evaporation. It reduces mercuric nitrate and nitrate of 
silver. It acquires a fine yellow colour wlum mixed with. aJkali% jui'd 
is precipitated yellow by ammoniacal Ime-salts and l)y fnao/fa^ a,.n<{ lead- 
salts. It colours ferric salts dark green, and tornm a grocmisli, 
precipitate with cupriG sulphate. It m not priKupitatcd by solutiou <f 
gelatin. 


13. Helianthotaimic or Helianthic Acid. 

Lubwic & Kromateh. JSf. Br. Arch. 99, 1, and 285. 

The iron-greening tannic acid of the seeds of the Bun, flower, 
Ilelianthus annmis. 

Tho finely pulverised fraits, freed from tlie husks, are exlmuHted 
with boiling alcohol of 90 per cent. ; tho'alodhol is iliHtilled off in ji 
current of hydroffcn; the residue is sciiiamtcid by Hltiution, the liltnito 
precipitated with neutral acetate of lead; awl tltc jirecipital.e in 
collected, washed, and decomposed ruidor water by hydrosulphurio 
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acid. The liquid filtered from the sulphide of lead, and evaporated 
over the water-hath, leaves the helianthotaniiic acid as a brownish- 
yellow amorphous mass, which may be rubbed to a slightly coloured 
powder. It is redissolved in water and rcprccipitated with neutral 
acetate of lead ; the precipitate is decomposed by hydrosulpliuric acid ; 
and the filtrate evaporated, a light greenish-yellow amorphous mass 
then remaining, which yields a yellowish white powder, and no longer 
becomes moist on exposure to the air. 

After drying at 100°, it contains 53*27 p. c. C., 5*97 H., and 
40*76 0., answering, according to Ludwig & Kromayer, to the 
formula (calc. 53*50 C., 5*73 H,, and 40'77 0.). — Melts when heated^ 

giving off an odour of burnt coffee, together with acid empyreumatic 
products. — Heated on platinum-foil, it first chars and then hums awai/. 
— Nitric acid imparts to aqueous helianthic acid a fine red colour, but 
on heating the liquid, nitrous vapours are evolved, and the colour disap- 
pears. ^ — Cold ofl of vitriol colours the aqueous acid red; hot oil of 
vitriol blackens it. — When boiled with moderately dilute hydrochloric 
acid in a stream of h 5 ^drogen, it is resolved into fermentable sugar 
and an acid colouring matter. The latter is precipitated by carbonate 
of lead. When separated from the lead-compound by hydrosulpliuric 
acid, it yields a colourless solution, which leaves, on evaporation a 
violet residue, changing to bright rod when treated with alkalis. — 
irdiantbic acid, when heated with an alkaline cupric solution^ does 
not reduce it. — From an ammoniacal silver-solution^ it reduces metallic 
silver. 

The acid dissolves readily in loater. It turns yellow when mixed 
with alhalis^ and is precipitated yellow by lime-water, — The latter 
luccipitate turns brown when exposed to the air in contact with 
excess of lime-water. — The light yellow lead-salt precipitated from 
the aqueous acid by neutral acetate of lead, and dried at 100°, con- 
tains 30*5 or 44*24 p. c. lead-oxide ; also 32*44 0., 3*28 H., and 
20*04 0., answering to the formula 2(0^^H®0^Pb0) + PbO,IIO. — 
The aqueous acid imparts to sesquichloride of iron a splendid dark 
green, colour, chaTiging to violet on addition of ammonia. It does not 
precipitate ferroeyanide of potassium, or solution of gelatin. 

Tiie acid dissolves in alcohol, but not in ether. 


14. Ipecacuanhic Acid. 

E. WiLHGK.-- Alad. Ber. 5, 192 ; J. pr. Ghem. 51, 404. 

The tannic acid of the root of Cephalls Ipecacuanha. {Ilandluch viii, 
Fhytochem. 56.) — Pelletier {Ann. Chim. Phys. 4, 172; J. Pharm. 3, 145 ; Scjiw. 
19, 440) J Massoufour {Bull Pharm, 1, 161), and Richard & Barruel if. Pharm. 
6, 264), regarded the acid as gallic acid, though it had been already recognised as 
distinct therefrom by Pfaff. 

Preparation. The pulverised root is boiled with alcohol of 
sp. gr, 0*84; the filtered decoction is precipitated with basic acetate 
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of lead; and the precipitate is washed witli alcohol of sp. ga', 0*83 and 
dissolved in dilute acetic acid. The acetic acid solution mixed witli 
hasic acetate of lead, and then with a small quantity of ammonia, 
yiedds a precipitate, which is to Ixi waBhed with ak;oliol of 98 p. c., 
suspevuded in ether, and deconii)oscd hy hydroHnli)hnric acid, ddie 
li(]nid liltercd from the sulphide of lead is evaporated^ in a stremm of 
carbonic acid; the residue is mixed with water, and filtered from, tlu^ 
fat which separates; the filtrate is digested with aniirnil (‘luircoal; and 
the reddish-brown liquid, after being freed from charcoal, is evaporated 
ill a stream of carbonic acid. 


Properties, Amorphous, reddish brown mass, baviiig a strongly 
bitter taste. Very hygroscopic. 


14 C 

at 100°, 

84 

... 56*37 ... 

Willigk. 

mean, 

56*24 

9 H 

9 

... G-04 ... 

6*23 

7 0 

56 

... 37-59 ... 

37-53 


149 

,... 100*00 ... 

100*00 


Decompositions. 1, Melts when heated^ swelling up, omitting’ an odour 
of formic acid, and leaving a difficultly combustible charcoal — 2. Tlie 
alhaline solution absorbs oxygen^ and ac(iuireB a dark black-browu 
colont. — 3. It reduces mercury- and silver-salts. — L It dissolves in oil 
of vitrio^ forming a brown-red solution, which deposits grey flocjks 
on addition of water.-— AT^ncacfdf : dissolves ipecacuanhic acid, fonniug 
a dark reddish-yellow solution, which turns yellow and gives off 
nitrons gas when heated. 

Ipecacnanhic acid is very soluble in wat&i\ 

Ipecacuanliate of Lead. — Dilute aqueous ipecacuanhic acid does not 
precipitate neutral acetate of lead, but forms with the basic acetate, a 
brownish white precipitate, which quickly absorbs oxygen, anil acquires 
a darker coloxir. 

The mono-acid lead-salt is precipitated liy basic aci, state of lead 
from the tincture prepared with alcohol of sp.gr. 0*85, af I ('r \l fias 
})oen freed from all matters precipilahle by alcoholic niuiii’al avel.ad(' nf 
lead, and mixed with a large quantity of water ; and thii piXK’Jpif ale is 
washed with cold water, and dried at lOD". — If the kiad-Halt (him 
obtained be dissolved in acetic acid, and the filtrati^ l>recipi(atnd witli 
absolute alcohol, or with basic acetate of haul, prixapitaiim are form<Hl, 
containing §, and § at. ipocaenanliie acid to 1 at. h^ad-oxiili*. 


14 C 

84' . 

... 32*24 . 

a, 

... 32*07 

b. 

.... 30*37 

a, 

.... 20*79 

L 

... 35*06 

9 H 

.... 9 . 

... 3*45 . 

... 3*43 

.... 3*29 

.... 2*83 

... 3*84 

7 0 

... 56 . 

... 21*50 

... 21*85 

.... 19-71 

.... 1G*82 

... 22*26 

PbO 

... 112 .. 

.. 42*81 .. 

... 42*65 

.... 46-83 

.... 53*5() 

... 38*84 

CMfioo'PbO . 

... 261 .. 

... 100*00 . 

... 100-00 

.... 100*00 

.... 100*00 . 

... 100*00 


Other lead-salts contained 4M and 45*9 p.c. PbO. Willmk gives the followinfic 
formula : for b, 60WH«0^7Pb0 + eaq. ; for c, 2OnP0«,3Pb0 -}- aq, ; for (L CiiPmHK 
5PbO, + 4aq. 

Ipecacaanhic acid coloiu’s aqueous ferric salts green, changing to 
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violet on addition of a Binall quantity of ammonia, and inky black with 
a larg'er quantity. — Fmm cAipnc salt% on addition of ammonia, it 
tlirowB down a g'rccu-l)lack precipitate. It is Boliible in alcohol^ less 
Rolublo in ctlwi\ 


15. Kinotannic Acid. 

Berzelius. Lehrhuch, 3 Anfi. 6, 258. 

G-ermnu. jV. Bi\ Arch. G5, 283 ; abstr. Pharm. Centr. 1851, 305 ; Lieh. 

Kojyp. Jahresher. 1851, 4-22. 

IIennio. iV. Br. Arcli. 73, 129 ; abstr. Pharm. Centr. 1858, 177. — ' 

N. Br. Arch. 77, 260; 85, 150. 

Eisseeldt. Ann.Phanii. 92, 101; Ckem. Centr. 1855, 110; abstr. 

Kopp. Jahresher. 1854, 431. 

The tannic acid of African kino (from Pierocarpus erinaceus, Handbuch viii, 
PhyiocMm. 72) must be regarded, according to Berzelius and Gerding, as a distinct 
compound. Hennig regards it as identical with gallotannic acid; he examined the 
Kino malabricum of commerce, which, in his opinion, is the true African kino. Eiss- 
feldt (who obtained crystals of pyrocateebin (xi, 379) from Kino malabricum by the 
action of ether) did not succeed in preparing kinotannic acid either by the process of 
Berzelius or by that of Gerding ; he regards kinotannic acid as perhaps identical with 
catechutannic acid. — On the reaction of kino, see Nesenbeck (Repert. 27, 211) and 
Hennig; on a jelly from kino, see Redwood (AT*. J. Pharm. 1, 33(5 ). — Characters 
similar to those of kinotannic acid are exhibited by the tannic acid of Beouibablnl, 
the juice of Myristica BccxOiyba^ a Brazilian tree (see Peckolt, iV. Br, Arch. 107, 1G3). 

1. When the aqueous extract of Idno is precipitated by dilute sul- 
phuric acid— the pale red precipitate washed as long* as the wash water 
acquires a sour taste, and then dissolved in boiling water, — the liquid 
filtered — and the filtrate containing sulphuric and kinotannic acids mixed 
with baryta-water, till a sample of it no longer precipitates an acidu- 
lated solution of chloride of barium, — the filtrate when evaporated in 
vacuo, leaves kinotannic in the form of a red fissured mass, sparingly 
soluble in cold, more easily in boiling water, and having an astringent 
taste. Tins product, when its aqueous solution is evaporated in con- 
tact with the air, becomes, for the most part, msolublc, and wlicii left 
in contact with the air, separates as a light red precipitate. Its 
aqueous solution is |)recipitatod by acids, not by carbonate of potash 
or tartar-emetic. It is soluble in alcohol, insoluble, or nearly so, in 
ether (Berzelius). Kinotannic acid, precipitated by sulphuric acid, 
docs not yield pyrogallic acid (xi, 398) by dry distillation (Stenhousc, 
Ann. Pharm 45, 68). 

2. Kinotannic acid prepared by the process just described, but freed 
from sulphuric acid by carbonate of baryta, exhibits, after drying at 
100°, a different composition in different preparations (44*77 p. c, 0., 
4*21 H., and 42*80 0., 3*66 H.), because the sulphuric acid exerts a de- 
composing action on it. But when the extract of kino is precipitated 
by a hot solution of isinglass, the flesh-coloured precipitate collected 
and boiled with alcohol of 95 per cent., and the currant-red solution 
evaporated in vacuo or by heat, a purer kinotannic acid is obtained in 
the form of a red, transparent, fissured mass, which, when dried at 
100°, contains 48*32 p, c. 0., 4*28 II., and 47*40 0. This kinotannic 
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acid, of Gerding exhibits the following characters :“-~It chars when 
heated^ biit does not yield any pyrogallic acid by dry distillation. Wlien 
its aqncuxis solution is left to stand in open vessels, or wlien oxjjfjim, is 
passed into it at 20° — 30°, it takes np oxygen, loses its rough taste, 
and deposits kino-red in the form of a light red pulp, th(‘, quantity of 
whidi increases when the liquid is heated. Its aqueous solution, mixcul 
with hydrochloric acid^ becoun^s turbid, and yields after a while a light 
red precipitate ; it is decolorised by chlorine^ clouded by nitric addj and 
when heated therewith, assumes a yellow colour and yields oxalic acid. 
It acquires a darker colour on addition of ammonia or ‘potash^ and after a 
while deposits precipitates. On heating it to the boiling point with 
magnesia alha^ the whole of the kinotannic acid is thrown down as a 
violet-red precipitate, the solution retaining its dark rod colour. With 
neutral acetate of lead it forms a reddish gre^y precipitate, which contains 
all the tannic acid, is insoluble in water ^ akolwl^ mil potashdey^ but dis- 
solves in mtric acid. It df)es not precipitate It forms 

a black-green compound with ferric salts, imparts a faint red colour to 
nitrate of silver, and afterwards reduces it ; and forms, with cupric 
sulphate, a grey precipitate which tnriis black on standing (Gcrding). 

3. Kinotannic acid prepared by the second process is a mixture 
which does not dissolve completely either in cold or in hot water, 
absorbs oxygen only in presence of potash, and docs not at the same 
time deposit any sediment. On removing the deposit, which 
forms spontaneously in aqueous extract of kino (and, according 
to Hennig, contains hyperpectic acid), a red colouring matter (ICcnnig^s 
Icmic acid) remains in solution, together with the ta:mnc acid of the 
Idno, which latter, in the pure state, is identical with gallotannic acid, 
and exhibits different characters only when impure. If a small quan- 
tity of recently precipitated hydi’atc of lead he added to the filtered 
aqueous extract, the red precipitate thereby produced contains the 
kinoicacid; 100 pts, of its organic substance contain 43*05 p. o. C., 
3*31 n., and 53'04 0. The filtrate leaves, on evaporation, a yellow 
residue, the aqueous solution of which precipitates tartar-emetic and 
ferric chloride?, the latter hliio-hlack ; and the yellow residue itself 
yields pyrogallic acid 1)y dry distillation, and is soluble? in etlior, — 
When extract of kino is mixed with neutral acetate of l(?a,d, ]»r(?cipi- 
tates are formed, succ(?ssivoly containing less colouring matter junl 
more oxide of lead, till the last contains 32 p. c. PbO, corresponding 
to the composition of gallotannatc of leaxl If a concemtrated timitnns 
of kino be mixed with basic acetate of lead by drops, and at iritorvals 
of 12—24 hours, till only a few drops nm off from the jtdly, and if 
cold water be then poured in, and the wliolc left to Itself till it begiim 
to show colour, the solution contains a largo quantity of tiaiinlc 
(together with lead and lime, which may be precipitated by oxalic 
acid). If it bo then mixed with hydrate of lead, and evaporated to 
dryness in a KStream of hydrogen, the organic suhstance of the residue 
contains 53*16 p. c. C., 3*71 H., and 43*13 0., agreeing with the compo- 
sition of gallotannic acid (Ilennig). 
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16. Kino-red. 

Gerdinc. JSf, Br, Arch. 65, 290. 

Aqueous tannic acid kept for several weeks in contact with the 
air in open vessels, takes up oxygen, and deposits kino-red, which 
may he freed from undecomposed Irinotannic acid by washing with 
water. 

Amorphous, red mass, which turns brown on the surface when 
dried, and yields a light rod powder. Its alcoholic solution is slightly 
acid. Nearly tasteless. — After drying between 50"^ and 60°, it con- 
tains 37*55 p. c. 0., 3*82 H., and 58*63 0. ; from another preparation, 
34*96 p. c. 0., 3*96 IL, and 61*98 0., in other cases, about 10 p. c. 0. 
more. 

When heated, it yields a small quantity of pyro-acid. It is partially 
carbonised by oil of vitriol. — Chlorine decolorises it ; nitrio acid con- 
verts it into oxalic acid. — When boiled for some time with strong 
hydrochloric acid, it dissolves with dark violet colour, and on cooling, 
or on dilution with water, it deposits kino-brown as a line dark brown 
powder, the liquid remaining red. Tliis kino-brown, dried at 100°, 
contains from 44*77 to 46*17 p. c. C., 4*39 to 4*52 H., has a neutral re- 
action, and dissolves, with red colour, in alcohol, acetic acid and tar- 
taric acid. It communicates a red or violet colour to stuffs prepared 
with tin or iron mordants. 


17. Leditannic Acid. 

E. WirxiGK. Wim. Ahad. Ber. 9, 302 ; J. p\ Chen. 58, 205 ; Ann. 

Fliarm. 84, 363 ; Pluinn. Geritr. 1852, 790. 

Koohledeb k SonwABZ. Wien. Ahad. Ber. 9, 307; /. jir. Chem. 58, 210 ; 

Am. Pkarni. 84, 366; Pharm. Centr. 1852, 790. 

Occurrence. In the loaves of Ledum iialmtre .' — A tannic acid 
fi'ora Bpacris and another from horse-chesnuts yield a product of 
dcHjompoBition identical with Icdixauthin, without being themselves 
id( 5 Utical with leditannic acid. (Roohleder, Wmi. Ahad. Ber. 44, 493 ; 
Chm. Centr. 1862, 8.) 

Preparation. 1. Neutral acetate of lead is added by drops to the 
aqueous decoction of the leaves, till a sample of the resulting precipi- 
tate dissolves completely in acetic acid ; the liquid is then filtered, and 
and the filtrate precipitated with basic acetate of lead. The washed 
precipitate is decomposed by hydrosnlphm*ic acid, and the solution 
filtered from the sulphide of lead, is evaporated to dryness over the 
water-bath. — 2. The alcoholic decoction of Ledwm palmtre is precipi- 
tated by water, after the alcohol has been distilled off ; the liquid is 
filtered; the filtrate precipitated with neutral acetate of lead; the 
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precipitate dissolved in dilute acetic acid ; tlae rujuid aft’alu filtered ; 
and the filtrate precipitated at the boiling heat with basic acetate of 
lead. If the precipitate, which has afimj yellow colour, be deconijKised 
under water by hydrosnl})lumc acid, and the Bolutioii, filtered at the 
boiling heat from sulphide of lead, he evaporated in a stream of car- 
bonic acid, Icditannic acid remains behind. (Rochledcr &> Schwarii.) 

I^roperties. Reddish, inodorous powder. 


Willigk. Rocliletlei* 
& Schwarz. 
mean ai 100”. w m.euo. 

28 C 168 .... 55-44 .... 55*14 .... 50-89 

16 H 15 .... 4*95 .... 5*11 .... 5*46 

15 0 120 .... 39*61 .... 39-75 .... 43-65 


2CI1W + 3 aq 303 .... 100*00 ... lOO'OO .... 100*00 

After deduction of 1*2 p. c. (Willigk), of 2*08 p. c. ash (Rochledcr & Schwarz). 

Aqueous Icditannic acid boiled with dilute mlphufic or h^drochlorlG 
add (or mixed with cold oil of vitriol), deposits a yellow or rcul po^vd(u*, 
Zedfamt/wn, which, when dried at 100°, contains 00*9 p. c. (J., 4*5 K., 
and 34*6 0., therefore (calc. 60*87 p. o. 4*35 XL, • ami 

34*78 0 .), and is produced from leditauuic acid by eliniination of 
water. By dry distillation it yields an oil and cryst^ils of pyrocatcchin 
(xi, 379). It dissolves easily in alkalis^ and when dissolv(ul in alcohol, 
fonns a red-brown precipitate with an alcoholic solution of nmtnd 
acetate of lead. (Wilugk.) 

Leditamate of Lead. — The aqueous decoction of the leaves is pre- 
cipitated by neutral acetate of load; the precipitate is removed 5 the 
filtrate is precipitated by basic acetate of load, and the yellow pre- 
cipitate a is dried at 100°, h in vacuo. (Willigk.) 


140 C 

60 H 

60 0 

11 PbO ... 

a. 

32-22 . 
2-30 , 
18-42 . 
47-06 . 

Willigk. 
... 32*26 
... 2*49 

... 18-25 
... 47-00 

i. 

98 C 2B-C6 

51 H 2-49 

51 0 19-89 

9 PbO 48*96 

Willigk. 
.... 28-54 
.... 2*(>H 

.... 19-84 
.... 48-94 

10CWHsOfi,llPbO . 

100-00 . 

... 100-00 

7C>''E'0»,9(l>b0,U0) . lOO-OO 

.... lOO'OO 


Aqueous leditannic acid is coloured dark-greon hyf&ric hjdmhhntte. 

Stannic Leditamate . — Aqueous Icditannic acid forms a fine yellow 
precipitate with stannic hydrochlorate. (EocMcdcr & Scdiwar^i.) 



In vamo. 


Rochlecler & Schwarz. 

28 C 

168 

... 22-95 

23*07 

21 H 

21 

2-87 


21 0 

168 

... 22-95 


5 Sn02 

376 


KA-nn 


2C>OT0=,5Sn02 + 2a5. 

.... 732 

... 100-00 



Leditannic acid dissolves easily in alcohol (Willigk). 
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18. Ratanhiatannic Acid. 

WiTTSTEiisr. Pharm, Viertelj, 3, 353 ; 6, 521. 

Occurs ill common and in Savcmilla Bhatany root — Pescliier {N. T-r, 
4, 2, 182 ; /. Pharm. 6, 34 ; 10, 348) designated as crartmno add^ a 
crystallisablc acid from liiatany root, to which he attributed the 
property of decomposing sulphate of baryta. This, according to 
Wittstein, must have been tyrosin (xiii, 358), while Hlassiwetz 
Amu Pharim 119, 202), thinks it probable that phloramine (p. 69) 
may occur in rhatany root. 

The ethereal extract of the pulverised root-bark of Krameria 
t'landra {Handh. viii, Phytoehem. 42), yields, when the ether is distilled 
off, and the residue dried, a shining dark-red substance, which dissolves 
in alcohol, with separation of wax. On evaporating the alcoholic 
extract, the tannic acid remains behind. — When the dry bark powder 
of Savanilla Rhatany root is exhausted with ether — the ether evaporated 
— the residue exhausted with alcohol of 90 p. c., which leaves the wax 
undissolved — the filtrate diluted with ten times its bulk of water — a 
few drops of solution of neutral acetate of lead added — the liquid 
filtered, — and the filtrate completely precipitated with neutral acetate 
of lead, rataiihiatannate of lead b is obtained. 

The acid melts when heated^ chars, and leaves a very difficultly com- 
bustible charcoal, while a watery and oily distillate passes over con- 
taining pyrocatechin (xi, 379). (See also Eissfeldt. Ann. Pharm. 92, 109 ; 
Uloth, Ann. Pharm. Ill, 2 1 7. dissolves, but imperfectly, even in warm 
toater^ forming a dirty rose-coloui*cd solution ; it dissolves completely on 
the addition of a few drops of ammoma.^v7]iQy:mpoiihydrochloric throws 
down dirty flesh-coloured flakes. When ratanhiatannic acid (separated 
from the lead-salt by hydrosulphuric acid) is heated for some time over 
the water-bath with watei*, to which 5 p. c. alcohol has been added, a 
hard, brown-red I'esinjWittstein’si^atoto-reJ, separates, and on evapo- 
rating the remaining liquid, there remains a small yellowish residue, 
which has a slightly sweet taste, and reduces potasm-cupric tartrate 
when heated therewith. — The aqueous solution is coloured dark-green 
by mquichloride of iron, then precipitated ; it forms a pale flesh-coloured 
precipitate with gelatin-solution, and is coloui'cd paler by tartar-emetic, 
without precipitation. 

liatanhiatannate of Lead. — The alcoholic solution of the tannic acid 
is mixed with a few drops of neutral acetate of lead, and the filtrate 
is precipitated with excess of neutral acetate of lead. The pale flesh- 
ooloxired precipitate is washed and dried at a gentle heat. — Dark red 
powder, which, after drying at 100°, undergoes no further change. 

Wittstein. 


Calculation according to Wittstein. mean at 100°. 





a. 

b. 

54 C 

.. 324-0 

... 43*83 . 

... 43-73 . 

... 43-64 

24 H 

.. 24*0 .. 

.. 3*25 

.. 3-23 

3-21 

21 0 

.. 168-0 ., 

... 22*73 . 

... 22*84 . 

... 22*90 

2 PbO 

.. 223*6 

... 30*19 . 

... 30-20 , 

... 30*25 

C«H'“0“,2PbO . 

... 739*6 . 

100‘00 . 

... 100-00 . 

... 100-00 


Eatanhiatannic acid dissolves easily in alcohol (Wittstein). 
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19, EatanMa-red, 

W"rrrsxEiN. Pharm, Vkrtelj. 3, 358. 

Produceclj top^ctberwith a saccliariiic Biibstanco, bylicatixigi'atanhia- 
tannic acid (p. 529) with Bulplmric acid, and purified by precipitating 
tlic alcoholic solution with water. 

Brown-red, easily friable, tasteless mass. 


12 C 


70-59 ... 

Wittsteia. 
mean, 
70-67 

6 H 

6 ... 

5-88 ... 

5-74 

3 0 

24 ... 

23-53 .... 

23.59 

G-’HOO'* 

102 .... 

100-00 .... 

100-00 


Ineoluble iiiwater^ but dissolves easily, with ruby-rod colour, in 
alcohol 


20. Ehamnotannic Acid- 

Binschwanoer. Eep&rU 104, 58. 

Obtained in the preparation of rhamnocathartiu {infra. voL xvi), and 
purified by washing, drying, solution in ether and evaporation. — 
Greenish yellow, amorphous, easily friable mass. Tastes bitter and 
astringent. Neutral.— Melts and decomposes when heated, like a nou- 
azotised body. — Nearly insoluble in cold water; somewhat soluble in. 
boiling water, and in aqueous ammonia; forming a golden yellow liquid, 
which gradually turns brown. With lime-water and potash -ley^ it 
forms yellow solutions, which do not change in contact with the air ; 
the former however gradually deposits yellow Hocks. The aqueous 
solution added to neutral or basic acetate of lead, throws down 
orange-yellow flocks ; it colotirs forric-salts olive-green and tlieu fjix}- 
cipitates them. In tai’tar-emctic it forms, after sonic tinui, a yidkiw 
precipitate. Does not precipitate solution of gelatin, The acid dis- 
solves readily in alcohol and etlier. 


21, Ehodotanflic Acid. 

B. Schwarz, Wien, Alcad. Ber. 9, 298 ; /. pr, Chmn 58, 202 ; Amu 
Pharrm 84, 361 ; Pharm. Centr, 1852, 773 ; 'CImu Qaz. 1853, 44. 

Ocot^rrmce, In the leaves of Phochdendron ferruginmnu 

Preparation.^ The alcoholic decoction of the leaves is freed from 
alcohol by distillation ; the residue is mixed with water ; the filtrate is 
precipitated with neutral acetate of lead; the precipitate is treated 
with dilute acetic acid ; the liquid is Altered from the undissolvod por- 
tion, and the filtrate, heated to the boiling point, is precipitated with 
basic acetate of lead. When rhodotannato of lead is preci;^tat 0 d 
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under water with hydrosulpliuric acid, and the solution filtered at 
the boiling* heat from the Sulphide of lead is evaporated in a stream of 
carbonic acid, rhodotannic acid remains, and after being pulverised, 
may be dried in vacuo over oil of vitrioL 

Properties, Amber-yellow powder, having a slightly sour astringent 
taste. 


Calculation according to Schwarz. 

56 C .3.36 6s-nn 

R. Schwarz. 
54*91 

27 H 27 .. 

4*41 .... 

, 4‘fit 

31 0 248 .. 

40*59 .... 

40*48 

4C»H«0?+3aq. 611 .... 

100*00 .... 

100*00 


After deduction of 1'5 p. c. ash. 

When heated with aqueous mimral acids, it yields a reddish-yellow 
precipitate of rliodoxanthin, which, after drying in vacuo, contains 
52*40 p. c. C., 4*66 H., and 42*94 0. 2CiqF08 + HO; calc. 

52*06 C., 3*70 H.), and decomposes at 100®, 

Stanjiic Rliodotannate, — Aqueous rhodotannic acid forms with stan- 
nic hydrochlorate a precipitate of a fine yellow colour. 



at 110®. 


Schwarz, 

140 C 

840 .. 

.. 22*61 ... 

22*39 

87 H 

.. 87 .. 

.. 2*34 ... 

2*96 

97 0 

.. 776 .. 

.. 20*89 ... 

20*42 

27 Sn02 

.. 2025 .. 

.. 54*16 

54*23 

10Ci^H8O^27SnO2 + 7HO.. 

3728 .. 

.. 100*00 .., 

100*00 


Approximately = C’'^H®0^^,5SnO-. 

Pliodotamiate of Lead. — Preparation, p, 530. Fine ohromd-yellow pre- 
cipitate, which does not alter at 100°. 




at 100®. 


Schwarz. 

42 

C 

252 

.... 28*21 ... 

28*20 

19 

H 


.... 2*13 ... 

2-28 

22 

0 

176 .... 

.... 19*70 ... 

19*57 

4 

PbO 

447 ... 

.... 49*96 ... 

49*95 


3QHHC07,4PbO + HO 894 100*00 100*00 


22. Ehustannic Acid. 

J. KmrxEt. Pharnii Viertelf 7, S48. 

In the leaves of BIm Toxicodendron. — The etherehl extract of the 
jnilverised leaves is shaken up with warm water j the liquid is filtered 
and set aside for two days 5 and the new deposit '^hioh then forms is 
removed by a second :filtratiofi, and mixed with a small quantity of 
imittral acetate of lead, to precipitate sulphuric arid phosphoric acids. 
The filtrate is then completely precipitated by neutral acetate of lead, and 
the precipitate collected, washed^ and dried at 110°. — ■ By deconaposing 
the still moist lead-salt under water with hydrosulphuric acid, the 
aqueous acid is obtained^ having a slight bitt^t* taste and acid reaction; 
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wlicn evaporated it leaves an ainorplxons, ycllowiKsh p’een varnlBln The 
aqueous acid colours ferric chloride dark green, and lorins with it a pre- 
cipitate of the same colour ; it colours tartar-emetic deep yellow with- 
out precipitation, and renders (jdatin-solution turbid when concentrated. 


18 C 

Lead-salt. 
108 ... 

. 24*00 ... 

Khittcl, 
24*16 

14 H 

14 ... 

. 3*12 .... 

3*12 

13 O 

101 ... 

. 23*12 ... 

23*24 

2 PbO 

224 ... 

. 49*76 ... 

..... 49*48 


Ci«HHow 2PbO 450 .... 100*00 100*00 


23. Rubitaniiic Acid. 

0. WiLLiGic. Wien. Ahad, Ber, B, 18 ; /. pr. Cliem. 58, 118 ; Ann. Pliann. 

82, 840 ; Pharm. Centr. 1852, 873 ; Chem. Gaz. 1852, 275. 

Occurrence. In the leaves of Buhia Uneforum. 

Preparation. The aqueous decoction is precipitated with neutral 
acetate of load, the precipitate digested with dilate acetic acid ; the 
filtrate precipitated by ammonia, and the resulting protiipitato washed 
with alcohol and decomposed under alcohol of sp. gr. 0*88 witli hydro- 
sulphuric acid. The liquid filtered from the sulphide of lead is freed 
from alcohol by distillation, then mixed with water, and precipitated 
by basic acetate of lead. The precipitate is decomposed under water 
by hydro sulphuiic acid, and the filtrate evaporated over the water- 
bath. 

Very hygroscopic. — Coloured red-brown by ammonia. 

Calculation according to Willigk. Williglc. 

28 C 168 42*06 43*09 

23 H.. 23 5*88 b*89 

25 0 200 61*16 51*02 


2cnH»05 + 7aq 391 100*00 100*00 

It still retained a small quantity of ash. 

MuUtcmnate of Lead. — ^The decoction prepared from tlic fresh herb 
is precipitated with neutral acetate of load; theprcciphnie is (ligoHied 
with dilute acetic acid; and for the preparation of the hMid-salt n, the 
acetic acid filtrate is precipitated with ammonia; the procipital;o is de- 
composed hy hydrosulphiiric acid ; and the filtrate, after being freed 
from excess of hydrosnlphuric acid, is precipitated witli basic acetate 
of lead. “To prepare the lead-salt 5, the acetic acid filtrate is precipi- 
tated with basic acetate of lead ; the precipitate is decomposed under 
water by hydrosnlphuric acid, and the filtrate, after being freed from 
hydrosulphuno acid, is^ precipitated with neutral acetate of load. -- 
The load- salt c is obtained by adding neutral acetate of lead to the 
decoction of the dried herb, till a sample of the precipitate dissolves 
completely in acetic acid ; removing the precipitate formed up to that 
stage ot the reaction; precipitating the filtrate with neutral acetate of 
lead ; decomposing the precipitate last obtained with hydrosulphurie 
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acid ; lieatiiig the filtrate to expel the excess of that reagent ; and then 
precipitating with neutral acetate of lead. 


a. 1). 


at 120°. 


Schwarz. 

III vacuo. 


Schwarz. 

70 C 

11*71 . 

... ll-.')0 

56 C 

20-13 . 

.... 19-97 

50 H 

1-39 . 

... 1-42 

33 H 

1-98 . 

... 2-19 

55 0 

12-26 . 

... 12-34 

37 0 

17-73 . 

... 17-79 

24 PbO 

74-64 . 

... 74-74 

9 PbO 

60-16 . 

... 00-05 

CroHsoo®,24PbO.... 

100-00 

.... 100-00 

C56£-ia3037^9PbO.... 

100-00 . 

100-00 


c. 



at 100°. 


Schwarz. 

28 

C 

. 14-79 ... 

14-74 

19 

H 

. 1-67 ... 

1-63 

21 

0 

. 14-79 .. 

14-97 

7 

PbO 

. 68-75 ... 

68-66 

c®n'»os',?PbO 

. 100-00 ... 

100-00 


« perhaps therefore = C^WO^SPbO + 2a(i. ; 5 = 4Ci‘in80^9rb0 + aq. ; e = 
2C''‘HW,7PbO + 3aq. (Schwarz.) 


24. Valerotannic Acid. 

CzYENiANSKi. Fliarm, 71, 21. 

When fresh valerian-roots are exhausted with hot absolute alcohol, 
the tincture precipitated with alcoholic sugar of lead, and the filtrate 
precipitated with ammonia, lead-salts of two acids are obtained. 

The precipitate formed by neutral acetate of lead, yields, when 
washed with boiling alcoliol, and decomposed underwater with hydro- 
sulpluiric acid, a tannic acid, which easily decomposes in contact with 
the air, is coloured red by oil of vitriol, quicMy reduces silver-salts, 
and turns brown when its ammoniacal solution is exposed to the air. 
This acid does not colour ferric chloride green ; it forms, with baryta, 
a white salt, which turns brown in contact with the air. Its lead-salt, 
precipitated yellowish-white by neutral acetate of lead, turns green 
in contact with the air, and contains, on the average, 17*45 p. c. 0., 
1*80 H., 13*52 0., and G7*17 PhO., agreeing with the lead-salt of an 
acid, 

i. The precipitate obtained with aminoniacal acetate c)f lead, yields, 
when decomposed by hydrosulphuiic acid, an acid which has a slight 
sour taste, appears to crystallise when evaporated in a stream of 
hydrogen, reduces silver-salts lilce the acid a, but does not form an 
insoluble bax’yta-salt. The lead-salt, precipitated by basic acetate of 
load, contains, on the average, 15*16 p. c. 0., 1*68 II., 14*30 0., and 
08*86 PbO, corresponding with the lead-salt of an acid, 


25. Xanthotannic Acid. 

A. Peebein. Pharm, Viertelj, 8, 1. 

Obtained from elm-leaves reddened in the autumn. The coarsely 
pulverised dried leaves arc exhausted with alcohol ; the extract is 
evaporated and filtered to remoye the wax which separates out ; the 
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filtrate is precipitated with water ; the liquid again f Itorod, and tlicii 
precipitated with neutral acetate of Icad.^ The precipitate is collected 
(the filtrate yields, with ammonia, another precipitate of the same composition), 
and dccompoBcd under waiter witli, hydrosulpimric acid, Avlicrehy an 
iriBipicl, or if ninch concentrated, an antringent filtrate is obtained, 
precipitabic by iBinglass. — The h'ad-salt is insoluble in acidic ackl 


c 

LeatUaU at 100“. 
1«8 

30*30 ... 

Pe.rvem. 
mamu 
20*00 

18 II 

18 

3*20 

3*21 

4 0 

32 

5-70 ... 

6-06 

3 VhO 

330 

60'56 ... 

6M3 

hc«H»'“0’,3Pb0. 

554 

100-00 ... 

100-00 


26. Xylochloric Acid. 


L. Bley, Jun. iV. Br. Arch. 94, 129. 

A green colouring matter, wliich Bometimes forms on decayed 
pieces of wood, and makes the whole mass appear green. Fit sees of 
wood ’of this Mud do not undergo any change in water, , alcohol, or 
ether, out impart the green colour to afealino liipuds. 

From Beechwood , — ^When the oolourhig matter is extracted from 
the green wood by twice treating it with aqueous ammonia of the 
strength of 5 per cent., and the olivo-greon filtrate is mixed with 
hydrochloric acid, dark green flocks are precipitated, whicli, after being 
washed with water, dry up to a dark green friable mass. This sub< 
stance is decomposed by heat, giving off acid vapours wdthout molting; 
it is insoluble in water, alcohol, and othei*, is not porcopribly altered 
by hydrochloric acid, but is carbonised by oil of vitriol It still con- 
tains ash, nitrogen, and water. 

The ammoniaoal solution of this (impure) xylochloric*- acid, has a 
deep olive-green colour, is neutral after the excess of ammonia has 
been expelled, and yields, by spontaneous cvaiioration, a remidno com- 
pletely soluble in w’^atcr. It forms a dingy green prcciifdato with 
ferric chloride, olivc-grocn with cupric sulphatii and merciirorm nitrate, 
and precipitates nitrate of silver, after some time only, with partial 
reduction of the silver. When it is precipitated by neutral acetate of 
lead, the supernatant solution appears colouricBS, and the dingy gremi 
flocks from different preparations exhibit, after drying at llO*’, wheroby 
they lose 10 p, c. of their weight, the composition a and h. 


Calculation according to Bley. 

Bley. 

Calculation according U Bley. 

Bley. 

h 

30 C 

. 25*67 . 

. 25*91 

90 C 

25*40 

25*38 

26 H 

. 3*71 . 

. 3-85 

30 H 

1*42 

V48 

34 0 

. 38*79 . 

. 38-57 

5'4 0 

20*40 I 

.. 10*03 

^ VkQ 

, 31*83 . 

, 31-67 

10 PbO 

52*09 

.. 53*51 

C?opso^.2FhO.... 

. 100*00 .. 

, lOO'OO 

3W>H‘»,10PbO.... 

100*00 , 

... 100-00 


ADDENDA. 


Page 3, 

Pyrrol-ml — 0. Hesse lias observed this substance among' the pro- 
ducts of the putrefaction of yeast Chem, 70, 44). On distilling 
the putrefied yeast at a moderate heat, a large number of fatty acids, 
volatile bases, &c., arc given oft ; and on subjecting the residue to dry 
distillation, amylamiue and ammonia are evolved, together with a sub- 
stance, which, when its hot solution is mixed with hydrochloric acid, 
is immediately converted into a thich, red, amorphous mass of pyrrol- 
rod j hence it a})pcars probable that pyrrol is formed in the decompo- 
sition of the carcases of infusoria. 

The pyrrol-rod obtained as above, after being well washed and 
dried in vacuo, formed a black shining mass, which yielded a coffee- 
coloured powder ; it was sparingly soluble in water, ether, acids, and 
ammonia, easily in alcohol. It gave, by analysis, 66*6 p. c. carbon, 
7*1 hydrogen, and 8*8 nitrogen ; also a small quantity of sulphur, 
probably an impurity arising from the decomposition of some of the 
other products of the putrefaction of the yeast. 


Page 57. 

Appendix to Physodin, 

Ceratophyllin, 

0. Hessk. Ann. Pham. 119, 365. 

Occurs, together with physodin, in Parmelia ceratophjlla^ var, 
pJiysodes (also called Parmelia physodes). 

Preparation. About 3 lbs. of the licben, after being washed with 
water, is stirred up with clear lime-water ; the alkaline solution is 
ncxitralised with hydrochloric acid; and the resulting yellowish grey 
flooculent precipitate is washed several times with cold water to remove 
the excess of acid, then collected, dried in the air, and freed from 
unorystallisable matter by digestion with boiling alcohol of 75 p. c. 
There then remains a dark green, soft, elastic mass, probably contain- 
ing physodin and usnic aci^ to remove which, the mass is boiled with 
strong Boda4ey, A dark brown liquid is thus obtained, which, on 
cooling, deposits ceratophyllin unmixed with either of the substances 
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just mentioned. It may bo separated from tbc motbcr-liquor by 
filtration, and purified by rccrystaliisation from boiling alcohol with the 
aid of animal charcoal. When tho lichon, without previous washing, is stirred up 
with thin milk of lime, the yellowish hltrato docs not yield any precipitate with hydro- 
chloric acid. The precipitate formed as above described is particularly abundant when 
tho lichen has been obtained irom birch-stems, and tho maceration has not been con- 
tinued for more than 15 hours. 

Thin, white prisms, which wlicn placed upon tho tongue 
produce, at first, a slightly irritating taste, soon becoming rather 
strongly perceptible in the throat ; subsequently a persistent burning 
sensation is experienced on the tongue. Melts at 147° to a colourless 
liquid, and solidifies in the crystalline form between, 135° and 138°. 
It begins to sublime even at tho melting point, and at a somewhat 
higher temperature sublimes very easily and without alteration in thin, 
colourless lamiiue. 

Oeratopbylliii a}:)pears to be a higher honiologrus of orsollatc of 
ethyl, 0^°IP0® (xii, 373); its melting point is about 15° dogrees higher 
than that of tlie latter. 

Oeratopliylliii is much more soluble in hot tmt&r than in cold ; it 
dissolves readily in alcohol^ ether ^ potasliAey^ aqueous ammonia^ and Ume- 
water. Tlio alcoholic solution, which has a neutral reaction, is coloured 
purple-violet by a small quantity of ferric chloride, blood-red by solution 
oi chloride of lime, the latter colour being destroyed by excess of the 
reagent; no precipitate with alcoliolic sugar of load or nitrate of 
silver. From the ammoniacal solution, hydrochloric acid throws down 
the ceratophyllin in thin prisms. Ceratophyllin dissolves in dilutes 
nitric acid, the solution acquiring only a slight yellow tint when heated. 
Strong sulphuric acid dissolves it without alteration at ordinary tem- 
peratures, but chars it when heated. 


Page 58. 

Leucic Icid — This acid is produced by the action of potash or of 
silver-oxide on bromo-caproic acid (Oahours, Pharm. iduppL 2, 78); 

K:o,no « KBr + omw. 

Bromocaproic acid. Leucic acid. 


Pago 73. 

Starch-yraiiules in the ----Pasteur, by drawing aii' for 

some time through aitnbe containing a plug of gun-cotton, to arroat tho 
particles of dust earned along by the current, then dissolving up the 
cotton with ether-alcohol, leaving tho dust to settle, decaufing tho 
hqmd, washing tho dust several times with ctber-alcohol, and then 

testing it under the microscope with iodine-water,-— has shown that 
starch-gianules constantly exist in the atmosphere. — Starch-granules 

fw. aZ 29 )! ™ 
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Page 83. 

Starchy heated with bromine and water, yields a solution which no 
longer contains free bromine, but does not yield any crystallised acid 
like isobiglycolcthylcnic acid (p. 233), or any other crystallisable 
compound (Barth & Hlasiwetz, Ann, Fharm, 122, 111). 


Page 135. 

Cellulose (cotton), treated in like manner with bromine and water, 
is partially dissolved, but yields only traces of an acid syrup (Barth & 
Hlasiwetz, loc. cit). 


Page 175. 

Spontaneous Decomposition of Pyroxylin under the influence of diffused 
light. — (Bonet, Compt. rend. 53, 405; Zeitschr, Ch. Pliarm. 5, 9*6.) — 
Two samples of pyroylin, (a) prepared with a mixture of sulphuric acid 
and nitrate of potash, {h) with nitro-sulphuric acid, and both kept in 
stoppered bottles exposed to diffused daylight, underwent spontaneous 
decomposition in the course of four years ; a decomposing more quickly 
than 5, and with much greater energy. In both cases the decompo* 
sition was accompanied by the evolution of red vapours, which showed 
themselves before the decomposition was complete. 

The solid residue of a was porous, having the appearance of a sub- 
stance which had been more or less fluid ; that of h was compact, hard, 
and clastic, had more or less of a gummy aspect, and a yellowish white 
or straw-yellow colour ; the colour of the residue a was darker, like 
that of sugar somewhat considerably caramelised. 

In both cases the sides of the bottles were covered with crystals 
of oxalic acid (corap. Hofmann, p. 175); the residue of &was also pene- 
trated by these crystals in several places. 

The atmosphere above the residue h was strongly acid, and con- 
tained carbonic aud formic acidSj together with a vapour which had a 
groat attraction for water. Some indications of the presence of 
ojmno gen were likewise obtained; but they were not decisive. The 
gas did not give aiiy indications of the presence of cither of the 
oxygen-corapounds of nitrogen, not even of nitric oxide. 

The solid residue freed from oxalic acid by alcohol, left a white 
substance, perfectly soluble in water, like gum. 

According to Ohevreul (Compt. 7'end. 53, 407), pyroxylin may he 
kept in the dark for ten years without decomposing. 


Page 254. 

Conversion of Cane-sugar into Glucose by the action of Acids. 
Lowenthal & tenssen (J. pr, Chem. 85, 321) have examined the 
manner in which this reaction is affected by variations in the propor- 
tions of acid, sugar, and water present, as well as by the duration of the 
process and the temperature at which it takes place. All the experi- 
ments were made at the atmospheric temperature, excepting those 
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in wliicli tlio effect of cliaiigo of temperature was the special object 
studied. 

1. The intensity of the action of sulphuric acid in) 0 ]i sugar 
diminishes as the (piantity of acid increases up to a certaiji point, after 
which it incrcasos iu proportion to tlie quantity of iu'id used * 
2. The action is proportional tf) iJio (piantity of sugar present. TIh^ 
same quantity of acid, treated with increasing quantities of a(pi(jons 
cane-sugar, was found to yifdd quantifies of glucose, varying from 
3*49 to 3*5G per cent, of tlm sugar employed. — 3. The intensity of the 
action diminishes to a certain point as the solution is more dilute ; but 
beyond that point the intensity of the action increases with the degree 
of dilution. — 4. In the early stages of the reaction its intensity con- 
tinually incrcasGSp but as soon as at.^ glmxise liave been formed for 
every 5 at, acid, it progressively dimiiiishes. 

A solution of cane-sugar hTt to itself for about a forii light, is 
found to contain glncoso; no alteration is however jxu’ciiplilile in it at 
the einl of 24 hours, even if it has been kept at the boiling lieat, bnt 
if it be heated mider pressure with a small quantity of acid, a viuy 
energetic action takes place, increasing with tlic temperainre. 

All monobasic mineral acids modify sugar in the same degree. The 
neutral salts of these acids, on the contrary, have no actiiui upon it ; 
nevertheless, their presence accelerates tlic action of acids on sac- 
cliarino solutions : thus the transformation of cane-sugar into gliK'osc 
by hyilrochloric acid takes place much more (piickly on the addition of 
chloride of calcium. The neutral salt however acts only wIkju at 
least 2 molecules of acid are present to 5 moleculcB of the salt ; more- 
over its effect is limited to the earlier stages of the action ; aftiu* tlie 
lapse of a few hours, the action goes on as if there wore no neutral salt 
present. Nitric, hydriodic and chloric acids, act in presonco of tluiir 
neutral salts in the same manner as h^nlrochloric acid with chloride of 
calcium. — Lowcnthal & Lenssen attribute tlui offetyt of neutral salts 
to their power of combining with a portion of the watiu*, and tlnis 
increasing the strength of the acid. 

Pago 290. 

OoUoMaP condition of Sxicrates. — (CIraham, Chm* Boo, J. 15, 255). 

* The term colMdal Is applied by Graham to a class of bodies— of whifsh gektia 
may be regarded as the type— which possess b«t little dilfusibility,— form gelatimnw 
byiates,— are remarkably inactive in their chemical relations,— incapable of crystal- 
lising,— and though largly soluble in water, are yet retained in it by a very feeble force. 
— Such are aqueous silicic acid, aqueous alumina, starch, dextrin, tho gums, caramel, 
tannin, albumin, gelatin, vegetable and animal extractive matters, — Tlwwcs sub- 
stances, on the contrary, which are capable of crystallising and exhibit a high degree of 
diffusibility are called crystalloids. Liquid colloids appear to have always a pcctoua 
or curdled modification, and often pass into that condition under the slightest inthiimcei. 
Many solid colloidal substances, sueh as the jelly of starch, that of animal mucus, of 
vegetable gelose, &c., are easily permeable to crystalloidal substanceg, but offer great 
resistance to the passage of colloids, like themselves. Hence a septum of such sub- 
stance affords an excellent means of separating crystalloldal from colloidal suhsfcancc, 
in solution. A very convenient apparatus for the purpose coagists of a sheet of parch- 
ment-paper stretched over a hoop like a drum, which is then caused to float upon a hrrge 
qjiantity of pure water, the mixed colloid and crystalloid solution being poured upon its 
upper surface. Such an apparatus is called a dklyser,'*' and the 8e|»ation of crystal- 
loids from colloids in tiffs inannw is called dialysis*^ ' 
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Sucrate of Lme, — The solution of limo in sugar forms a solid coa- 
giiliini when heated, and at a high temperature is probably entirely 
colloidal. The solution obtained on cooling passes through a septum 
of parchnicnt-paper, but recpiires a much longer time than a true 
crystalloid like chloride of calcium. 

SneraU of llranyL — A colloidal compound is obtained by adding 
potash to a mixture of uranic nitrate or chloride with sugar, avoiding 
heat. The solution is of a deep orange colour, and on the dialyser 
soon loses the whole of its acid and alkali. The flnid sucrate has con- 
siderable stability, but is readily pectised (coagulated) by salts, with 
separation of a basic sucrate which is soluble, to a considerable extent, 
in pure water. 

Ferrio Sucrate. — Ferric chloride mixed with sugar is not precipitated 
by potash, provided the temperature is not allowed to rise. The ferric 
oxide combined with the sugar is colloidal and remains without loss on 
the dialyser. At a certain stage, however, the sugar appears to leave 
the ferric oxide ; a gelatinous ferric subsucrate pectises. The basic 
sucrate thrown down from the soluble sucrate by the addition of sulphate 
of potash, consisted of about 22 pts. sugar, to 78 pts. ferric oxide. 

Cupric Sum'ate, — The deep blue liquid obtained by adding potash to 
a mixed solution of cupric chloride and sugar, appears to contain a 
colloidal substance. It loses by dialysis the whole of its potassium 
and clilorino, a colourless liquid passing through the dialyser, and a 
green liquid remaining, consisting of a compound of sugar with oupiic 
oxide. This solution, when mixed with salts or acids (even acetic 
acid) deposits a bluish-green pectoiis precipitate (containmg about 
1 pt. sugar to 2 pts. cupric oxide) ; when heated strongly, it also 
yields a bluish green precipitate, and does not allow the protoxide of 
copper to be easily reduced to dioxide. 'When evaporated, it leaves 
transparent emerald^green films, which are not altered by alcohol 
either coM or boiling, but are resolved by water into sugar and the 
pectous bluisli-green compound above-mentioned. 

The blue solution of cupric tartrate in caustic potash contains a 
colloidal compound which has not yet been fully examined. 


Page 291, 

Caramdme. (Gfdis, F. Aim. Chim. Phys. Co, 497.) — This substance 
may bo obtained quite colourless, by operating on starch-sugar 

[ ? by beating it for some time to 190°, and operating as described at page 291] 

and decolorising the product witli cnide animal charcoal This colour- 
less caramelano, as well as the coloured product described at page 291, 
is not capable of reproduhig sugar. 

If caramel bo prepared without attention to the precautions indi- 
cated by Gelis [beating sugar for some time to a temperature not below 190°], 
if, for example, the heat is too low, or not continued long enough, the 
parti on of the caramel which is soluble in alcohol, contains a large 
quantity of glucosan as well as caramelano, Glucosan is likewise 
colourless, and is distinguished from caramelane by its power of repro- 
ducing the sugar from winch it was derived, when subjected to certain 
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influences, especially to the action of water or dilute acids. This 
property, akeady noticed by Gelis (iV". A:nn* Oliim. IVvjs, 57, 28'1‘)5 
explains a fact recently observed by Pohl, (see p. 240) namely, that 
certain caramels regain their sacoharino taste by keepiug. 


Pago 293. 

Caramelin (Graham, Chmn» Boc, J. 15, 258). — When criido 
caramel, obtained by heating canc-sngar to 210° — 220°, is placed on 
the clialyser, certain colouring matters of intonnediatc compoBition, 
the caramelano and caranieleno of Gelis pass through, and cararnelin, 
the most highly carbomsod compound of the three, remains behind. 
This purified caramel (which may also be obtained from crude caramel, 
by repeatedly prccii>itating the aqueous solution with alcohol till the 
precipitate is no longer plastic, but) pulverulent,) possesses live 
times tlie colouring* power of the original eavamtil. A solution con- 
taining 10 per cent, of it is gummy, and changes, on standing, to a 
jelly perfectly soluble both in hot and in cold water; the solution 
dries up in vacuo to a black sliining' mass, wliich, so long' as it Kvtaias 
a certain amount of water, is still tough and clastic. 11“ this puril'uul 
caramel bo carefully dried at a comparatively low tciuporaturc, it 
remains soluhlo in water after b(nng luiabul to 120°, l)ut if the solution 
be at once evaporated to dryness at 100”, the caramel hecomos imso- 
luble both in cold and in hot water. riu'ifie<l caranusl gave, by 
analysis, 54*59 p, c. carbon, answering nearly to tlu) formula 
which requires 55*17 p. o. ; Gdlis (iV*. Am. Chini, 52, 377, 
obtained in two analyses of his caramolm 55*06 and 55*11 p. c. carl)on). 

A solution of pure caramel (caramelin) is taBteless, and has a 
neutral reaction. The caramel is precipitated from it by tbe smallest 
quantity of mineral acids, alkaline sulphides, chloride oi’ sodium, atid 
most other salts, and by alcohol, as a brownish black, ])ulvortilont sub- 
stance, insoluble in water, whether cold or hot. In the crude product of 
the roasting of sugar, the caramel is protected from the action of these budi(>,s by the 
intermediate brown substances present. The caramel, tllUH remhuXHl iuHolubk', 
swells up to a jelly in dilute potash-ley, and dissolves when the li(iuid 
is wartned. On dialysing this solution, the proportion of potash in it 
is quickly reduced to about 9 per cent., and if acetic acid Iks then 
added, the whole of the potash passes through the dialyHcr, and pure 
caramel remains bcliiiid. 


Page 357. 

ManniU in tlm Olive* 

De Luca. rend. 55, 506. 

Manriite exists in all parts of the olive, especially in the loaves, 
flowers, and fruits of the olive, in quantities varying with the season. 

The leaves^ when macerated for some days iti strong alcohol, give 
up water, which passes into the alcoholic solvent, and at the same 
time mannite separates out upon their surface in stollato groups of silky 
needles. When the leaves are treated with boiling alcohol, the liquid, 
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on cooling, deposits mannite mixed witli other substances soluble in 
alcohol 

The leaves in the earlier stages of their growth contain but a 
small quantity of mannite ; it increases as they develop, but diminishes 
during the flowering time, and while the leaves are beginning to 
assume their green tint ; and disappears entirely when they turn yellow 
and fall off. 

The following table shows the quantities of mannite obtained from 
the leaves of different olive trees, growing in the neighbourhood of 
Pisa. 



Time of Gathering. 

Weight of Leaves. 

Mannite obtained. 

Moist. 

Dry. 

r 

Total. 

A 

Per cent. 





grms. 

grms. 

grms. 

grms. 

1. 

5 

November, 

18fil 

265*0 

139*1 

0-597 

0*43 

2. 

12 


if 

120*0 

100*3 

0*128 

0*12 

3. 

19 

V 

fi 

430 0 

209*8 

0*972 

0*61 

4. 

28 

1} 

104*0 

95 *0 

0*253 

0*26 

5. 

7 

December, 

1861 

222*0 

116-3 

1*468 

1*25 

6. 

14 



225*0 

139*5 

1 *005 

0*72 

7. 

24 



140 *0 

106*9 

0 *394 

0*37 

8. 

6 

January, 

1862 

263*0 

164 3 

0*583 

0*36 

9. 

16 



198*0 

126*3 

1-065 

0*84 

10. 

26 



324*0 

177*2 

1 *425 

0*71 

11. 

4 

February, 

1862 

350 *0 

212*1 

0*872 

0*41 

11 bis. 

4 


418*0 

212*7 

1*506 

0*70 

12. 

14 


It 

324*0 

229 3 

1 *286 

0*56 

13. 

21 

n 

if 

381*0 

157*9 

0*375 

0*23 

14. 

1 

March, 

1862 

139*0 

124 *7 

0*837 

0*67 

15. 

12 


if 

97*0 

49*5 

0*333 

0*67 

16, 

23 

It 

171*0 

130*8 

0*545 

0*42 

17. 

4 

April, 

1862 

155*0 

127*9 

0*060 

0*05 

38 . 

14 

jj 


167*0 

163 *7 

0*424 

0*26 

19, 

25 

if 

,, 

97*0 

90*8 

0*035 

0*04 


The next table gives the quantities of mannite obtained from 
leaves, gathered on the 26th of February, 1862, from 13 different 
olive-trees growing in the Botanic Garden at Naples, 
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Time of Gathering, 

Weight of Leaves. 

Mannite obtained. 

r 

Moist. 

Dry, 

Total. 

— 

Ter cent. 



grms. 

gnus. 

gvms. 

grms. 

1* 

26 February, 1B62 

102-0 

52 *0 

0 -285 

0*56 

2. 


140 *0 

G7-2 

0 -901 

1 *32 

3. 


126 *0 

6*4 -0 

0-525 

0-82 

4* 


165-0 

87*9 

1 *360 

1*54 

5. 


141-0 

70-9 

0-874 

1*23 

G. 


122 -0 

06 *6 

0*4.10 

0-66 

7. 


78-0 

38-1 

0 -232 

0*61 

8. 


05-0 

50-1 

0-514 

1*03 

9. 


10.3 -0 

56-2 

0-710 

1-26 

10* 


120-0 

65 -7 

0 -724 

1 *10 

11. 


125 *0 

65 *0 

0*680 

1 *04 

12. 


105 -0 

56*6 

0 ‘4H9 

0*86 

13* 


isro 

1 63-9 

j 

0 -853 

1*33 


Tlie percentage of mannito is calculated on tlie leaves dried between 110* 
and 120^ 

A compadson o£ tile two tables bIiowb that the leaves of eliv<‘s grown 
at Naples contain a lArger quar^^ than those grown at Ihsaj and 
gathered at the same time of year. 

The /owers of the olive, in the month of Juno, contain a conside- 
rable quantity of manriite, which may bo extracted by alcoliol, but 
after fecundation, it disappears altogether from the flowoiiB, so that those 
which fall on the* ground contain none. 

The fmit of the olive, even when scarcely formed, contaiim a con- 
siderable quantity of mannite, so that when yoiing olives, whicli can 
scarcely be separated from the flower, arc innnerHed for some time in 
alcohol, the liquid spontaneously doposits mannito, and tlu^ mother- 
liquor yields an additional quantity when ovaporahtd t< > a third of its 
buik.-^The olives are found to contain mannito so long n,H tiny mmm 
green; but the quantity continually diminislies as they approimh 
maturity, and disappears altogether when they arcwpii to ripe and no 
longer green, and contain their maximum (piautity of oil 

Chlorophyll, or an atialogous green substanc(i, whhh constantly 
accompanies mannite in the loaves and fruit of the olive, likewis(i dis- 
appears simultaneously with it, so that the yellow leaves and the ripe 
olives contain neither mannito nor chlorophyll The incrcuiso of tlicj 
proportion of these two substances, during tln^ period of d(3velopincmt 
of the fixed oil, and their disappearance when the olives contain tlieir 
maximum of oil, seems to show that they contribute in some way to 
the formatibn of the fatty matter* 

When the alcoholic solution of mannite, obtained oitlier from the 
leaves or from the fruit of the olive, has deposited the whole of the crys- 
tallisable mannite, the mother-liquor, if left for some weeks to evaporate 
in the air, is converted into a viscous substance, which gradually yields 
a fresh crop of crystals of mannito separable by boiling alcohol Tins 
seems to show, that the mannito in the loayos and fruit is accompanied 
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Dy mantiitan, ‘wliictij on exposure to tlie air, takes up tlie elements of 
water, and is converted into maniiite. 


Pages 384, 389. 

Identity of Melampyrite and Dulcite, 

L. Gilmer. Ann, Pharm, 123, 372. 

Erleotieyer & Waniclyn. Ohem, Soe. 7. 15, 455. 

The identity of these two bodies is shown by comparison of their 
crystalline forms, composition, and reactions. 

Melampyrite (from Melampyrum nemorosum), crystallises from*' a 
moderately warm aqueous solution in transparent, colourless, sliining 
prisms, of the oblique prismatic (monoclinic) system, with octahedral 
summits, the edges of which are truncated by the faces of an orthodia- 
gonal dome, or the combination by ooP .-hP. — P.4-Pco . — Poo. 
Inclinations of the faces, ooP : ooP = 112° ; + P : — P = 115° 45' ; 
coP: + P = 134° 45' (Gilmer). 

^ The crystals of diilcite are described by Laurent as monoclinic 
prisms, having their obtuse edges symetrically truncated, together 
with the octahcdi’al, and the basal end-faces, oo P : co Poo : + ?.—• 
P . 0 P . Inclination of ooP : ooP = 112° ; + P : — P = 115° 2G'; 
ooP . -f P = 134° 42^ (sec page 385). The crystals of dulcite and 
melampyrite are therefore identical, so far as regards their primaiy 
forms and chief modifications ; in both bodies also they are generally 
aggregated in crusts. Both are slightly sweet, optically inactive, and 
not capable of fermenting with yeast. 

The melting point of melampyrin, as determined by Gilmer, is 180° 
(uncorrected) ; aociording to Eichler (p. 390) it is 186° ; that of dulcite 
is 190° (Laurent); 182° (Jacquelain). Both bodies crystallise from 
fusion. 

The composition of melampyiite, agrees with the formula of dulcite, 
Qiajinow result corroborated by the analysis of the baryta-com- 
pound. 


Erlenmeyer 



Melampyriief at 140®. 

Gilmer. 

& Wanklyn. 

12 C 

72 

. 39-56 

39*46 .. 

.. 39*7 ■ .... 39*33 

14 H 

14 

. 7-69 

... ?-87 ., 

.. 7*9 .... 7-90 

12 0 

96 

. 52*75 

... 52-67 .. 

52*4 .... 52*77 

Ci3H«0“ .... 182 

, 100*00 

... 100*00 .. 

.. 100*0 .... 100*00 


Baryta-compound^ at 140®. 

Gilmer. 


12 C 

72 .. 

22*7 , 

22*4 


12 H..., 

12 „ 

3*8 , 

4'1 


10 0 

80 

25*2 , 

23*6 


2 BaO 

153 .. 

48*3 . 

....... 49-9 



317 

100*0 . 

100*0 
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Baryta-compound dried over oil of vitrioL 

12 C 72 18-0 

12 H 12 3*0 

10 0 80 20*3 

2 BaO 153 38*4 

9 HO 81 20»3 

298 100‘0 


Gilmer. 


38*0 

20*0 


+ 

The haryta-compound of dulcite, air-dried, conteins + 14aq. (oofc 

C^2i.iwo^®.2BaO + 14aq., as stated at page 387). {Lieb. Kopp» Jahreubcr, 1850,1). 536,) 


Melampyritc heated to 275® bcft'iufl to give off water, the mass at 
the same time assuming a brownish tint ; [clulcite ap]')oarB to decom- 
pose at a somewhat lower tempera tin*c (p. 385)].^ — Mclampyrite 
heated with nitric acid yields a considerable quantity of mncic acid; 
the liquid filtered therefrom, and neutralised with carbonate of lime, 
yields a precipitate, consisting chiefly of oxalate of lime, and the solu- 
tion, filtered from this precipitate, contains a substance which, rcduecB 
an alkaline cupric solution. .Dulcite yields the same products together 
with racemic acid (p. 380); the formation of the latter was not 
observed in the case of melampyritc, probably because the (piantity 
operated on was not sufficient. (Gilmer.) — Melampyritc heated in a 
stream of carbonic acid with hpdriodic acid yields iodide of caproyl 
(hexyl)j together with water and free iodijic (Erlcnmeycr <& Wanklyn). 

C12HW013 + llHI « CmH + 12HO + 

One pt. dulcite dissolves in 31*25 pts. water at 15® ; 1 pt, molani- 
pyrite dissolves in 29*41 pts. water at 16® (Gilmer) ; in 34;*()1 pts. ab 
16-5 (E. <& W.). Both bodies are but slightly soluble in akohoL 
(Gilmer.) 

Melampyrite and dulcite form, with sulphuric ackl^ conjugated acids, 
the baryta-salts of which exhibit similar properties (pp. 386, 392). 
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KEPOET 


OF 

THE FOURTEENTH ANNIVERSARY MEETING 


OF THE 

CAVENDISH SOCIETY. 


This Anniversary Meeting of tlie Cavendish Society for the 
year 1861^ was held at the rooms of the Chemical Society, in 
Burlington House, on Friday the 1st of March, at thP60 oVlotjfc 
in the afternoon. 

The Chair was,^ hy Thomas Craham, Esq., F.R.S., 
President| upon the Secretary to read 

TftE EEPORT OF THE COUNCIL. 

<< In submitting the Annual Statement of their Proceedings to 
the Mombors of the Oavendish Society, the Council trust it will be 
found that satisfactory progress has been made in carryjng out the 
object to which their efforts have recently been chiefly (lirectod*-of 
completing at as early a period as possible the translation of Gmelin’s 
‘H andbook of Chemistry.’ The generally expressed opinion of 
Members, and the decision of previous Ooimcils, have been favourable 
to the adoption of this course; and the undiminished support afforded 
by Subscribers during the past year has enabled the Council to 
proceed in it with as much expedition as the rate of production of 
the German editi<m of the work wohld admit. The fourteenth 



Yolnrno, comprising orgu-nit*. co!U[K)n{i(ls wilh iwiniiy iuhI immty- 
two atoms of carlum, lia-M just bocm comph'pMl, jiml is !Hnv]H,m}g 
(listribut(.ul to Siil)S(jnb(U*s lor ib<^ ^ycar IBbO. The rtanjujuiig 
portion, (}f the?, work will (H‘(‘npy twt> tnon^ vcjiuimss, jiml (Imn^ is 
every nnmon to l)(‘Ho,v<^ Iknb (lu'w* will lu^ pnuliU’C.d with the 
regularity 'which haw Tnark(‘<l l.h<^ progiansw of tlu^ jMihlicaJJoii of tln^ 
work for wcv(a‘al y«^a,rs pawl. Tln^ 'Memht'rw Jiiny, thenh'ore, anii- 
cipa,te the wa/tiw faction, of w<‘eing thiw— ilahr groat — work broughi; 
to a conclusion in about two ymirsfroin tlic pn^wemt (iinc. Arrange- 
ments havc.^ also Iksmi ma.de for tlu^ [)r(‘j>aratioii of a, (‘.omphdxi indt'x 
to film work, whi(‘b ,Mr. WbvaTw liaw mHl(a*tak(m, iiml whit^lp if ila* 
MemberH <Mmiiiuu‘, ti» give tin; napuHilc. wnp|)ort to i hc, (kmneih may 
coriwtiinbi a wt'K^oiul volunu^ for tlu^ y(,?ar iu whic-h tln^ work m 
fmishetl. 

During tluwpr<.)gr(\sw (d‘ tlHH.ra.nwla.tion of ilui organkypart of 
tlm work, it lmwb(M,fn found ma^cHwary in wonu^ of th<‘ la.lcr vtflmncw 
to intrndm^(^ much new maitta* b(donging, according to ih(‘ arrange- 
mont adoplisl, to incceditig volunum, and n'wulling from inva^wligjir 
tiouB imide wince tla^ir imbHcation, In vobmuiK nim^, bm, i.wcdvtg 
and thirteen tlnn’t' arc tM7 pag<^H devoted to wucJi adiiitiomd imd.t(ny 
forming apfKmdiium !o tliowi,^ which pnaeded, and then^ will prolmbly 
be a still grenrten’ rpHuitily <)r ma,ti.<n‘ to be added !,(> Die two 
remaining vohim(‘w lo bring even tin* orgauut iiart of the work ti]) 
to tlio then exiHiitig slate of ehcmiie.'d knowledge. So rapid, imkHui^ 
k the pn^gnw of diHe.ovmy In Ihiw prolifie. deparlment, of clierniwlry, 
that when the last v«dum<‘ of UMuniN’s wtn’k liaw Inam prepared, it 
is estinmted, if tln^ throe dt‘partnH*n(H of innrgatuV, and organa^ 
chemintry mid cliemical physiew Ih,* inchahMl, I hat there will he a 
Bid'licient amount of new matter to nmki^ a. volume mmualiy f>r the 
ske of those hitherto mwued* It will ht^ a (jnewlion for (lie eon* 
sidcration o.f the M(!m hern and of future (lotmeilH wind her (he annual 
publkmthm of all now matter, exmdenwiHl ami a.rra.ngvd iu tlai way 
in wl'iich this was ong,ina11y so ably done hy .I/uommo liwnniN, jiml 
has^ since bc3eri continued by M'r, WA'rrs, wouhl imt conwtJtufe n, 
work to which, the (Javcuilkh Bociety miglit apply their imaiim 
witli advantage. The cx,ponse of preparing such a work would tio 
rather greater than that of merely translating, and it coukl only lie 
' ; undertaken in the event of an incroasod number of Siil.)scnil:i(: 5 rH 
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manifesting' a disposition to support the Council in carrying out 
this object if it should bo tliouglit desirable. 

“ It will be observed on reference to the financial statements for 
this and previous years that the income of the Society has to some 
extent been derived from the sale of books which were issued 
several years ago, and of which more copies were printed than 
were required to supply the Members. The arrangements under 
which this distribution of the surplus copies of some of the Society’s 
works has been effected, has fully answered the purpose contem- 
plated; a larg-e number of valuable scientific works have been 
brought within the reach of chemists who could not otherwise 
have obtained them, and increased means have been afforded 
tlio Society for extending its operations by the production of 
now books. With rcforcnco to the early volumes of Gmelin’s 
‘ Chemistry ’ the stock has by this means been greatly reduced, so 
tluit only a limited number of some of the volumes remain on hand, 
and for some time past there has been none of the first volume 
left. The Council are happy to say that they have made an 
advantag'cous arrangement with the printers, and tlie agent, 
Ml*. ILvitRLSON, foi* the reprinting of the first volume of the 
^Handbook’ without entailing any pecuniary responsibility on the 
Soe.i(d;y, and M'embmn or others whose sets of the work are 
deiicient of tliis volume may now obtain it at 59, Pall Mall. 
Idle re-issuo of this volume also enables the Council to make^ up a 
few domplcto sets from YoL 1 to YoL 12 inclusive, which will be 
Htifjplied for six guineas, tlie previously existing arrangement for 
tiui diKposal of sets from Yol. 2 to Yol 6 being now cancelled. 
8(>parato volumcH, however, from Yol 4 upwards, may bo obtained, 
as there arc found to be several such loft after makingup as many 
complete sets as the early; volumcB on hand would admit of.*’ 
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It was resolved — 

“That the Report just read be received, approved, and adopted.” 

The Meeting- then proceeded to the election of Officers for the 
ensuing year, and the following Gentlemen were declared to have 
been duly elected : — 


Thomas Gbaham, E.E,.S. 




Pbobessob Beahde, P.B.S. 

Wauteb Crum, l^'.R.S. 

John Davy, M.T)., F.E,.S. 

Charles G.ihDAUBENY, M.D., P.E.S. 
The Dhjce oe Devonshire, P.E.S. 
Michael Pabauay, D.C.L., P.R.S. 
John Graham, P.O.S. 


A. W. Hoemann, Ph. D., LL.D., 
P.RS. 

Henry Beattmont Leeson, M.D., 
P.B.S. 

W. A. AIilleb, M.D., F.R.S. 
Robert Pobrett, P.B.S. 

William Sharpey, M.D., P.R.S. 


Cnuncil. 


G. B. Bhckton, P.R.S. 


Dttoald Campbell, F.C.S. 

P. J. Chabot, M'.A., P.KA.S.,F.aS. 
W. Ferottson, Esq. 

E. Fuanklani), Ph.D., F.R.S. 

J, H, Gilbert, Pli.D., F.R.S. 
Daniel Hanbhry, P.L.S. 

Cmarles Heiscii, F.C.S. 


A. W. Hoemann, LL.D., F.B.S. 
N. S. Maskelyne, F.C.S. 
Trenham Beers, Esq. 

Alered Smee, F.B.S. 

J. Denham Smith, F.C.S, 

B. D. Thomson, M.D., F.B.S. 

A. W. Williamson, Ph.D. F.B.S. 
Colonel Philip Torre, F.B.S. 


Kxtniwxtt^ 

George Dixon Longstaep, M.D., 9, Upper Thames Street. 


THEOPniLHS Bedwood, Ph. D., 19, Montague Street, Bussell Square. 


Collcctoi** 

Mr, Thomas West, Burlington House, Piccadilly, W, 
far tijc JOtjStrffintion nf SSaoIt^, ^c. 

Mr. F. Harrison, 59, Pall Mall, S.W. 

It was resolved-— 

“That Dus, Bi? la lltxu, Odling, and SxBNHOtrsE be 
appointed AuditorB for tlio ensuing year.” 

The following Ecsolutiona w^ere unanimously adopted: — 

“That tiic thanks of the Meeting be given to the Phe- 
siDENT, CoxrNCiL, and Opfjcebs, for their services to the 
Society.” 

“ Tliat the thanks of the Meeting bo given to the Honoeaey 
Local Secretaries for their services to the Society.” 

“ That the thanks of the Meeting be given to the Chemical 
Society for the use o| tM r rooms,” 

THEOPI-r 



OBJECTS, &c., OP THE CAVENDISH SOCIETY. 


Tii.w CavendiHli Soeiel.y wuh iustitutiKl for ilu^ proisiotion of 
OlioitiivStry and ilB allied scieiUjeH, by tlu' diffoBioti of tlu‘ Htti'nliire 
of tlu'HC subjt'ciB* 

The Huhscription, coiisiitutiiipf inem!)ershi]>, is one a -year* 

to be paid iu udvanco; and tlui subsoriptioa beronuNS due tui tlu^ 
lat of Janufiry of eacli year. A nu*iub(.‘r is eiititbal if? a eopy of 
every book publislied by tbc Socic'fy for th(' y«air for wldch he lias 
subscribed, but no ineiiiber can receive the HocuMy’s piddieatiouH 
until Ilia subacriptioix baa been duly paid. 


WORKS "OF THE CAVENDISH SOCIETY. 

1848 

L-^-GEBMICAL EEPOIITS AKD MIMOIES. Edited by Thomas 
O iUiiAK, P.H.H. (Out of Print.) 

2.~IIANP-B()OK OP OIIKMISTIIY, By Leoww (hmi'm. Turn- 
latod by Henhy Watts, B.A,, lOO.S. Voll, 

1849. 

S.-HANB-BOOK OF GIIEMTSTHY. By Leopolo V«l IL 

4.-~-IIAljB)-B00K OF CHBMISTEY. By LEOjanux (JMHum. Tol IIL 
LIFE AND WOBKS OF OAVEKBIBH. By J)r. (jEoiiuj(j 


0.— HAND-BOOK OF OHEMISTRY. By LEoroiU) Gmmwn. V(»l IV, 

7. — HAND-BOOK OF CHKMIBTEY. By Lnoroui) Omemn. Vol V. 

1851. 

8. -~FHYBIOLOOIGAL OnEM'LSTllY. By :i>EoEBBSi)R Lehmann. 

Translated by Gnoauiii E. Day, M.D., .F.,h..81. Vol I, (Out of 
Print.) 

9. ---HAND-BOOK OF CHEMISTRY. By Leoi»om» OwMLm, Vcd. VL 

1851 

10. -^IIANI)-BOOK of OHEMbSTRY. By Liopoun (Iwiwn. Yol VIL 

{Organic OlunniHfcry, Yo). I.) 

lL-«-dHiYKSi:()I/)(lKjAL<JHEM'MRY. liy Pkopiwhi Lehmann, foil I. 
11— ATLAS OF PiiATEB khmtimo to PIlVSlOlOOiOAIi OU.FMiH- 
TRY. By Djt. Otto Funkw. 

(Supplcinent to Lihjimawn’s Piivsiohooioau OiiUMtSTaY.) 

1853. 

13. -HAND-BOOK OF OIIEMISTEY. By Leopold Okelin. YoLYIIL 

(Organic Ohonustry, Vol. XL) 

14. -BLEMEKTS OF CHISMIGAL AND PHYSICAL GEOLOGY. By 

Pbowsbob Bxsohoi'. Yol I ‘ 

1854, 

AS.-THE LIFE, AND SOIENTIFIO pIBEAllOHEB OP DALTON, 
De; W. 0. Heney, 

By, 



1856. 

18. ~HA.TO-B00K OF CHEMISTRY. By Leopold Gmelin. Vol. IX. 

(Organic Chemistry, Vol. III.) 

19. ~-ELBMENT8 OF CHEMICAL AND PHYSICAL GEOLOGY. By 

Peoeessor Bisonop. Vol. 11. 

185C. 

20. ~-HAND-B0OIC OF CHEMISTRY. By Leopold Gmelin. Vol. X. 

(Organic Chemistry, Vol. IV.) 

21. — HANft-BOOK OF CHEMISTRY. By Leopold Gmelin. Vol. XII. 

(Orgauio Chemistry, Vol. VI.) 

1857. 

22. -HAKD-BOOK OF CHEMISTRY. By Leopold Gmelin. Vol. XI. 

(Organic Chemistry, Vol. V.) 

1858. 

23. — ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. 

By Propessor Bisohop, Vol. III. 

1859. 

24. — HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Vol. XIII. 

(Organic Chemistry, Vol. VII.) 

1860. 

26.— HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Vol. XIV. 
(Organic Chemistry, Vol. VIII.) 


CHEMICAL REPORTS AND MEMOIRS. Edited by Propessor 
Graham. This work is out of print, 

GMELIN’S HAND-BOOK OF CHEMISTRY. Translated and 
Edited by Henry W atts, B.A., F.C.S. 

A few sets remain from Vol. I to Vol. XTI, which are supplied for M 65. 
Separate copies of the Volumes from IV toXII may also be had at 
10.9. i)d- each. 

Vols. XIII and XIV can oiily be obtained by subscribing for the years 
for wliich they4<>«i?^'1&ued. 

LEJpedfir^ CHEMISTRY. Translated and 

tlMitSdby Dr. G. E. Day, F.R.S. 

Tlio 3?irst Yolume of this work is out of print. There still remain a 
few copies of the Second and Third Volumes, and of Dr, Otto Funke’s 
Atlas of Physiological Plates, which, together, may be obtained for 
£l Is. 

BISCHOP'S ELEMENTS OF CHEMICAL AND PHYSICAL 
GEOLOGY. 

The First and Second Volumes of this Work are supplied for a sub- 
scription of £l Is. 

THE LIFE AND WORKS OF CAVENDISH. By Dr. Geo. Wilson. 

THE LIFE AND SCIENTIFIC RESEARCHES OP DALTON. 
By Dr. W. 0 . Henrs, F.R.S. 

LAURENT'S CHEMICAL METHOD. Translated by Dr. Omim, 
These three Works are supplied for a subscription of £1 is. 


Applications for the works of the Cavendish Society, are to 
be made to the Agent, Mr. Harrison, 59, Pall Mall, S.W.; by whom 
also the Subscriptions of Members are recoived. 
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